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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a piezoelectric element having an electromechanical conversion function, an 
ink jet head using the piezoelectric element, an angular sensor, a method for manufacturing the same, and an ink jet 
recording apparatus including the ink jet head as printing means. 

[0002] Generally, a piezoelectric material is a material capable of converting a mechanical energy to an electrical 
energy and vice versa. A typical example of a piezoelectric material is lead zirconate titanate having a perovskite 

10 crystalline structure (Pb(Zr,Ti)0 3 ) (hereinafter referred to as "PZT"). In PZT, the greatest piezoelectric displacement is 
obtained in the <001> direction (the c axis direction) in the case of a tetragonal system, and in the <111> direction in 
the case of a rhombohedral system. However, many of the piezoelectric materials are polycrystals made up of a col- 
lection of crystal grains, and the crystallographic axes of the crystal grains are oriented randomly. Therefore, the spon- 
taneous polarizations Ps are also arranged randomly. 

15 [0003] Along with the recent downsizing of electronic appliances, there is a strong demand for reducing the size of 
piezoelectric elements using a piezoelectric material. In order to meet the demand, more piezoelectric elements are 
used in the form of thin films whose volumes can be significantly reduced from those of sinters, which have conven- 
tionally been used in various applications, and active researches and developments have been made for reducing the 
thickness of thin-film piezoelectric elements. For example, in the case of tetragonal PZT, the spontaneous polarization 

20 Ps is oriented in the c axis direction. Therefore, in order to realize superior piezoelectric characteristics even with a 
reduced thickness, the c axes of crystal grains forming a PZT thin film need to be aligned vertical to the substrate 
plane. In order to realize such an alignment, a method as follows has been used in the prior art. On a single crystal 
substrate made of magnesium oxide (MgO) having an NaCI-type crystalline structure, which has been cut out so that 
the surface thereof is along the crystal orientation of the (1 00) plane, a (1 00)-oriented Pt electrode thin film is formed 

25 as a lower electrode on the substrate by a sputtering method, and a PZT thin film having a desirable crystallinity and 
whose c axis is oriented vertical to the surface of the Pt electrode is formed on the Pt electrode at a temperature of 
600 to 700°C (see, for example, Journal of Applied Physics vol. 65 No. 4 (published on 1 5 Feb. 1 989 from the American 
Physical Society) pp. 1666-1670, and Japanese Laid-Open Patent Publication No. 10-209517). 
[0004] It is characteristic of this method that an MgO single-crystal substrate, which makes it possible to realize a 

30 piezoelectric thin film that is preferentially oriented in the crystallographic direction in which superior piezoelectric char- 
acteristics are exhibited. However, since the MgO single crystal is a very expensive material, it is very costly to mass- 
produce industrial products using piezoelectric elements including piezoelectric thin films that are formed by this meth- 
od. 

[0005] In view of this, various methods have been developedforforming a well-oriented film of a piezoelectric material 
35 on an inexpensive substrate such as a silicon substrate. For example, as a method for controlling the plane along 
which the crystal of a piezoelectric layer such as PZT is preferentially oriented, Japanese Laid-Open Patent Publication 
No. 2001-88294 discloses a manufacturing method (a sol-gel method) including: forming a base layer whose main 
component is zirconium oxide on the surface of a substrate; forming a lower electrode containing iridium on the base 
layer; depositing a very thin titanium layer on the lower electrode; forming an amorphous piezoelectric precursor thin 
40 film containing metal element and oxygen element, which forms a ferroelectric that exhibits piezoelectric characteristics, 
on the titanium layer; and crystallizing the amorphous thin film through a heat treatment at a high temperature, thereby 
turning the amorphous thin film into a piezoelectric thin film that exhibits a piezoelectric property. It is also disclosed 
that it is possible to control the crystal orientation of the piezoelectric thin film by controlling the thickness of the titanium 
layer. 

45 [0006] However, while the method disclosed in Japanese Laid-Open Patent Publication No. 2001-88294, supra, is 
a desirable method that does not use an expensive MgO single-crystal substrate, it is difficult to obtain a well-oriented 
film having a desirable crystallinity in the film formation process, as in the case of forming a piezoelectric thin film on 
an MgO single-crystal substrate, because the piezoelectric thin film is formed by a sol-gel method. In view of this, an 
amorphous piezoelectric precursor thin film is first formed, and then the layered structure including the substrate and 

50 the precursorthin film is subjected to a heattreatment in thefinal step, so thatthe crystallographic axes are preferentially 
oriented in a desirable direction. 

[0007] Thus, when piezoelectric elements are mass-produced with a sol-gel method, the amorphous piezoelectric 
precursorthin film is likely to be cracked due to changes in the volume during the degreasing step of removing organic 
substances. Moreover, in the step of heating and crystallizing the amorphous piezoelectric precursorthin film at a high 
55 temperature, the film is likely to be cracked or peeled off from the lower electrode due to crystal changes. Furthermore, 
the heat treatment step after the deposition process adds to the number of steps, whereby the production yield may 
be reduced. 

[0008] On the other hand, according to Japanese Laid-Open Patent Publication No. 2001 -88294, supra, states that 
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attempts were made to control the orientation of a PZT film, which is a typical ferroelectric thin film, by using a method 
other than a sol-gel method (including an MOD method) (in which an amorphous thin film is once formed and then the 
thin film is turned into a crystalline thin film through an aftertreatment such as a heat treatment for crystallization), i.e., 
by using a method in which a crystal line thin film is directly formed without the crystallization step using a heat treatment, 
5 e.g., a sputtering method, a laser ablation method or a CVD method, and that the orientation could not be controlled 
by any method other than a sol-gel method. The reason is stated to be as follows. The crystallization of the PZT film 
proceeds gradually from the lower electrode side to the upper electrode side with a sol-gel method, whereas with a 
CVD method or a sputtering method, the crystallization of the PZT film proceeds randomly, resulting in irregular crys- 
tallization, and thus making the orientation control difficult. 

10 

SUMMARY OF THE INVENTION 

[0009] The present invention has been made in view of the above, and has an object to provide a reliable piezoelectric 
element with desirable piezoelectric characteristics at low cost. 
15 [0010] In order to achieve the object set forth above, the present invention uses an electrode layer made of an alloy 
of at least one metal selected from the group consisting of cobalt, nickel, iron, manganese and copper and a noble 
metal, and a piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide is formed on the electrode 
layer so that the piezoelectric layer is preferentially oriented along the (001) plane. 

[0011] Specifically, a piezoelectric element of the present invention includes: a first electrode layer; a piezoelectric 
20 layer provided on the first electrode layer; and a second electrode layer provided on the piezoelectric layer, wherein: 
the first electrode layer is made of an alloy of at least one metal selected from the group consisting of cobalt, nickel, 
iron, manganese and copper and a noble metal; and the piezoelectric layer is made of a rhombohedral or tetragonal 
perovskite oxide that is preferentially oriented along a (001) plane. 

[001 2] With such a structure, when the piezoelectric layer is formed on the first electrode layer by a sputtering method, 

25 or the like, the first electrode layer functions as a crystal orientation control layer, whereby the piezoelectric layer is 
likely to be oriented along the (001 ) plane (since the (1 00) plane and the (001 ) plane are the same in a rhombohedral 
system, the rhombohedral (100) orientation is included herein), even if the first electrode layer is oriented along the 
(111) plane, or the like. Specifically, the first electrode layer which serves as a base layer immediately under the 
piezoelectric layer, is made of an alloy material including metal (e.g., cobalt, nickel, iron, manganese or copper) atoms, 

30 which are relatively likely to chemically adsorb oxygen, and noble metal (e.g., platinum) atoms, which are unlikely to 
be oxidized, and it is inferred that the surface of the first electrode layer is a smooth surface along which the metal 
atoms are present in a dotted pattern among the noble metal atoms. When a piezoelectric layer made of a perovskite 
crystalline structure oxide (preferably with a lead content that exceeds the stoichiometric composition) such as PZT is 
formed on the first electrode layer by a sputtering method, an inert argon gas mixed with oxygen is used as a sputtering 

35 gas so as to stabilize the amount of oxygen of the oxide. In this process, the oxygen atoms of the gas are first adsorbed 
onto the metal (e.g., cobalt) atoms that are present in a dotted pattern along the smooth surface of the first electrode 
film. The adsorption occurs while taking a stable coordination of an NaCI-type crystalline structure, and the perovskite 
crystalline structure oxide, which has the same coordination relationship between metal (e.g., lead) atoms and oxygen 
atoms, continuously grows thereon. It is believed that since the oxygen partial pressure during the deposition process 

40 is relatively low and there is a small amount of oxygen in the deposition atmosphere, the phenomenon in which only 
oxygen atoms are arranged in layers (in which the (111) plane grows) is less likely to occur, whereby the (001) plane, 
on which metal (lead) atoms and oxygen atoms are alternately arranged in layers, grows more easily. Of course, a 
piezoelectric film also grows over the noble metal atoms. However, the piezoelectric film is a collection of grains having 
random crystal planes (including crystal grains oriented along the (001) plane). Moreover, the first electrode layer is 

45 normally oriented along the (111) plane when a silicon substrate, or the like, is used. Therefore, a region of the piezo- 
electric layer above a portion of the surface of the first electrode layer where the metal (e.g., cobalt) atoms do not exist 
may be oriented in a direction other than along the (001) plane (e.g., along the (111) plane) or may be amorphous. 
However, it is believed that since a (OOI)-oriented portion grows more easily in an oxygen-containing deposition at- 
mosphere, as described above, the (001 )-oriented portion of the piezoelectric film formed over the metal atoms grows 

50 at a higher rate, and the (001 )-oriented portion grows while gradually expanding in the lateral direction to form an 
inverted cone shape, and while suppressing the growth of crystal grains oriented along a face other than the (001) 
plane along which the crystal growth rate is low (e.g., grains oriented along the (111) plane), whereby the (001)-oriented 
portion eventually extends across the entire surface of the piezoelectric film. Thus, the cross-sectional area of the 
(001)-oriented region taken along the plane perpendicular to the thickness direction of the piezoelectric layer gradually 

55 increases in the direction away from the first electrode layer toward the other side (i.e., toward the second electrode 
layer). When the thickness of the piezoelectric layer is about 20 nm, the (001)-oriented region extends substantially 
across the entire surface. As a result, if the thickness of the piezoelectric layer is set to be 0.5 \im or more, for example, 
the (001)-oriented region extends across a major portion of the piezoelectric layer, and it is possible to sufficiently 



3 



EP 1 376 711 A2 



obtain a degree of (001) orientation of 90% or more. 

[0013] The crystal orientation of the piezoelectric layer can be controlled as described above because the piezoe- 
lectric material is a substance having a perovskite crystalline structure, and the arrangement and the crystal lattice 
spacing of the metal (e.g., lead) atoms and the oxygen atoms are substantially identical to those of an oxide of a rock- 
5 salt (NaCI) structure, which is a stable substance produced through oxidization of an easily-oxidized metal such as 
cobalt, nickel, iron, manganese and copper. Thus, the crystal orientation of the piezoelectric layer can be controlled 
by using a thin film formation process of a type where a material substance deposits onto an underlying layer to form 
a film, as in a sputtering method. 

[0014] Thus, the first electrode layer has a function of controlling the crystal orientation of the piezoelectric layer, in 

10 addition to the function as an electrode. Therefore, even with a deposition method, other than a sol-gel method, in 
which a crystalline thin film is directly formed on an inexpensive substrate such as a silicon substrate without the 
crystallization step using a heat treatment (e.g., a sputtering method or a CVD method), it is possible to obtain a 
piezoelectric layer with a desirable orientation, whereby it is possible to eliminate the step of heating and crystallizing 
the deposited piezoelectric layer, which is necessary in a sol-gel method. As a result, it is possible to obtain a piezo- 

15 electric element, with which the occurrence of crack and the characteristics deviation can be reduced, and which 
exhibits a desirable characteristics reproducibility, a reduced characteristics deviation, and a desirable reliability, even 
if it is mass-produced industrially. As the piezoelectric element is used while applying an electric field in the direction 
vertical to the surface of the piezoelectric layer thereof , the (001) orientation is advantageous, particularly with a te- 
tragonal perovskite PZT film, because the direction of the electric field is then parallel to the <001 > polarization axis 

20 direction, thus resulting in an increased piezoelectric effect. Moreover, since the polarization rotation due to the appli- 
cation of an electric field does not occur, it is possible to suppress the deviation in the piezoelectric characteristics of 
the piezoelectric element and to improve the reliability thereof. On the other hand, with a rhombohedral perovskite PZT 
film, since the polarization axis extends in the <111> direction, the (100) orientation results in an angle of about 54° 
between the direction of the electric field and the direction of the polarization axis. Nevertheless, by improving the (1 00) 

25 orientation property, the polarization can keep a constant angle with respect to the electric field application. Therefore, 
also in this case, the polarization rotation due to the electric field application does not occur, whereby it is possible to 
suppress the deviation in the piezoelectric characteristics of the piezoelectric element and to improve the reliability 
thereof (for example, in a non-oriented PZT film, the polarization axes are oriented in various directions, and application 
of an electric field urges the polarization axes to be aligned parallel to the electric field, whereby the piezoelectric 

30 characteristics may become voltage dependent and vary significantly, or a sufficient reliability may not be maintained 
due to aging). 

[0015] Moreover, a piezoelectric layer having a desirable crystal orientation is easily obtained without using an ex- 
pensive MgO single-crystal substrate. Therefore, it is possible to reduce the manufacturing cost by using an inexpensive 
substrate, such as a glass substrate, a metal substrate, a ceramic substrate or an Si substrate. 
35 [001 6] Furthermore, even if the thickness of the piezoelectric layer is 1 urn or more, it is not necessary to repeat the 
same step a number of times to obtain a thick film, as with a sol-gel method (with which a thick film cannot be formed 
by a single iteration of the application step), and the piezoelectric layer can be formed easily by a sputtering method, 
or the like. Thus, it is possible to suppress a decrease in the production yield. 

[0017] In the piezoelectric element of the present invention, it is preferred that an orientation control layer made of 
40 a cubic or tetragonal perovskite oxide that is preferentially oriented along a (100) or (001) plane is provided between 
the first electrode layer and the piezoelectric layer. 

[0018] In this way, by forming the orientation control layer on the first electrode layer by a sputtering method, or the 
like, the orientation control layer is likely to be oriented along the (1 00) or (001) plane (the (100) plane and the (001) 
plane are the same in a cubic system), as is the piezoelectric layer of the piezoelectric element, even if the first electrode 

45 layer is oriented along the (111) plane, or the like. By forming a piezoelectric layer having a similar crystalline structure 
to that of the orientation control layer on the orientation control layer, the piezoelectric layer will be oriented along the 
(001) plane due to the orientation control layer. With the provision of such an orientation control layer, it is possible to 
use a piezoelectric material of desirable piezoelectric characteristics for the piezoelectric layer while using a material 
capable of further improving the crystallinity or the orientation for the orientation control layer. As a result, it is possible 

50 to easily obtain a piezoelectric layer with a high crystal orientation and a high stability. Note that in the orientation 
control layer, a region that is not oriented along the (100) or (001) plane may be present not only in the vicinity of the 
surface of the first electrode layer but also on the piezoelectric layer side. Even in such a case, if the thickness of the 
orientation control layer is 0.01 u,m or more, a (100)- or (001 )-oriented region extends across a major portion of the 
surface of the orientation control layer that is closer to the piezoelectric layer, with the degree of (001) orientation of 

55 the piezoelectric layer being as high as 90% or more. 

[0019] Moreover, with the provision of such an orientation control layer, it is possible to obtain a piezoelectric layer 
with a desirable orientation, even with a deposition method, other than a sol-gel method, in which a crystalline thin film 
is directly formed on an inexpensive substrate such as a silicon substrate without the crystallization step using a heat 
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treatment at a temperature less than 600°C (e.g., a sputtering method or a CVD method). Thus, it is possible to eliminate 
the step of heating and crystallizing the deposited piezoelectric layer, which is necessary in a sol-gel method. Moreover 
as compared with a case where the orientation control layer is not provided, the film can be formed at a lower temper- 
ature, and it is possible to obtain a piezoelectric element with an even more desirable characteristics reproducibility a 
5 further reduced characteristics deviation, and an even higher reliability. 

[0020] It is preferred that the orientation control layer is made of lead lanthanum titanate or a material obtained by 
adding at least one of magnesium and manganese to lead lanthanum titanate. 

[0021] With a sputtering method, for example, a crystalline film of lead lanthanum titanate can more easily be formed 
stably than that of PZT having particularly desirable piezoelectric characteristics. Therefore, by using such a material 

10 for the orientation control layer, it is possible to easily form a (1 00)- or (001 )-oriented film at a relatively low temperature. 
This is particularly advantageous in a case where PZT is used for the piezoelectric layer. Since the crystalline structure 
of lead lanthanum titanate is identical to that of PZT, when the piezoelectric layer is formed on the orientation control 
layer, a PZT film having a similar ion arrangement to that of lead lanthanum titanate grows directly on the surface of 
lead lanthanum titanate. Thus, the crystal can easily be oriented along the (001) plane even at a low temperature. 

15 [0022] Moreover, the orientation control layer may be made of a strontium-containing perovskite oxide. In such a 
case, it is preferred that the orientation control layer contains strontium titanate. 

[0023] As can lead lanthanum titanate, a strontium-containing perovskite oxide can be formed at lower temperatures 
as compared with PZT, and the like, and it is more likely, with a strontium-containing perovskite oxide, that a thin film 
having a desirable orientation and a desirable crystallinity is obtained. Particularly, when strontium titanate is contained, 
20 it is possible to reliably improve the (100) or (001) orientation property and the crystallinity of the orientation control 
layer, and thus the orientation of the piezoelectric layer. 

[0024] In the piezoelectric element of the present invention, it is preferred that the noble metal of the first electrode 
layer is at least one noble metal selected from the group consisting of platinum, iridium, palladium and ruthenium. 
[0025] In this way, the first electrode layer is made of a material that is capable of withstanding the temperatures at 
25 which various films of the piezoelectric element are formed by a sputtering method, or the like, and that is suitable as 
an electrode material. 

[0026] Moreover, in the piezoelectric element of the present invention, it is preferred that a content of at least one 

metal selected from the group consisting of cobalt, nickel, iron, manganese and copper in the first electrode layer is 

greater than zero and less than or equal to 26 mol%. 
30 [0027] The metal content is preferably less than or equal to 26 mol%, because the crystallinity and the orientation 

of the piezoelectric layer (orientation control layer) deteriorate when the metal content exceeds 26 mol%. 

[0028] Furthermore, in the piezoelectric element of the present invention, it is preferred that the first electrode layer 

is provided on a substrate; and an adhesive layer for improving adhesion between the substrate and the first electrode 

layer is provided between the substrate and the first electrode layer. 
35 [0029] In this way, it is possible to improve the adhesion between the substrate and the first electrode layer, thereby 

preventing peeling off during the manufacture of the piezoelectric element, and also making peeling off less likely to 

occur while a voltage is applied between the first and second electrode layers. 

[0030] It is preferred that the adhesive layer is made of at least one material selected from the group consisting of 
titanium, tantalum and molybdenum. 
40 [0031] In this way, it is possible to obtain a material suitable for improving the adhesion between the substrate and 
the first electrode layer. 

[0032] A first ink jet head of the present invention includes: a piezoelectric element in which a first electrode layer, 
a piezoelectric layer and a second electrode layer are layered in this order; a vibration layer provided on one surface 
of the piezoelectric element that is closer to the second electrode layer; and a pressure chamber member bonded to 

45 one surface of the vibration layer that is away from the piezoelectric element and including a pressure chamber for 
storing ink therein, in which the vibration layer is displaced in a thickness direction by a piezoelectric effect of the 
piezoelectric layer of the piezoelectric element so as to discharge the ink out of the pressure chamber, wherein: the 
first electrode layer of the piezoelectric element is made of an alloy of at least one metal selected from the group 
consisting of cobalt, nickel, iron, manganese and copper and a noble metal; and the piezoelectric layer is made of a 

50 rhombohedral or tetragonal perovskite oxide that is preferentially oriented along a (001) plane. 

[0033] Thus, by forming the first electrode layer, the piezoelectric layer, the second electrode layer and the vibration 
layer in this order on the substrate by a sputtering method, or the like, and removing the substrate after bonding the 
pressure chamber member to the vibration layer, it is possible to obtain an ink jet head with a piezoelectric element 
having a similar structure to that of the piezoelectric element of the present invention. As a result, the ink-discharge 

55 performance is improved, and even when many pressure chambers and nozzle holes are provided, and piezoelectric 
elements are provided so as to correspond to the respective pressure chambers (nozzle holes), it is possibleto suppress 
the deviation among the piezoelectric elements and to stably discharge ink from every nozzle hole. Moreover, since 
the ink-discharge performance is high, it is possible to provide a large margin with which to adjust the power supply 
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voltage, whereby it is possible to easily make an adjustment so as to suppress the deviation in the ink discharge. 
[0034] In the first ink jet head of the present invention, it is preferred that an orientation control layer made of a cubic 
or tetragonal perovskite oxide that is preferentially oriented along a (100) or (001) plane is provided between the first 
electrode layer and the piezoelectric layer of the piezoelectric element. 

5 [0035] Thus, by forming the first electrode layer, the orientation control layer, the piezoelectric layer, the second 
electrode layer and the vibration layer in this order on the substrate by a sputtering method, or the like, and removing 
the substrate after bonding the pressure chamber member to the vibration layer, the ink-discharge performance of the 
ink jet head can be made stable and high, and the deviation in the ink discharge can easily be controlled. 
[0036] A second ink jet head of the present invention includes: a piezoelectric element in which a first electrode layer 

10 a piezoelectric layer and a second electrode layer are layered in this order; a vibration layer provided on one surface 
of the piezoelectric element that is closer to the first electrode layer; and a pressure chamber member bonded to one 
surface of the vibration layer that is away from the piezoelectric element and including a pressure chamber for storing 
ink therein, in which the vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric 
layer of the piezoelectric element so as to discharge the ink out of the pressure chamber, wherein: the first electrode 

15 layer of the piezoelectric element is made of an alloy of at least one metal selected from the group consisting of cobalt, 
nickel, iron, manganese and copper and a noble metal; and the piezoelectric layer is made of a rhombohedral or 
tetragonal perovskite oxide that is preferentially oriented along a (001) plane. 

[0037] Thus, by usingthe pressure chamber member as a substrate, andformingthevibration layer, the first electrode 
layer, the piezoelectric layer and the second electrode layer in this order on the pressure chamber member by a sput- 
20 tering method, or the like, it is possible to obtain an ink jet head with similar functions and effects to those of the first 
ink jet head of the present invention. 

[0038] In the second ink jet head of the present invention, it is preferred that an orientation control layer made of a 
cubic or tetragonal perovskite oxide that is preferentially oriented along a (1 00) or (001 ) plane is provided between the 
first electrode layer and the piezoelectric layer of the piezoelectric element. 
25 [0039] Th us, by using the pressure chamber member as a substrate, and forming the vibration layer, the first electrode 
layer, the orientation control layer, the piezoelectric layer and the second electrode layer in this order on the pressure 
chamber member by a sputtering method, or the like, it is possible to obtain an ink jet head with similar functions and 
effects to those of the first ink jet head of the present invention and with an orientation control layer provided in the 
piezoelectric element. 

30 [0040] An angular velocity sensor of the present invention includes a substrate including a fixed portion and at least 
a pair of vibrating portions extending from the fixed portion in a predetermined direction, in which a first electrode layer, 
a piezoelectric layer and a second electrode layer are layered in this order at least on each of the vibrating portions of 
the substrate, and the second electrode layer on each of the vibrating portions is patterned into at least one driving 
electrode for vibrating the vibrating portion in a width direction thereof and at least one detection electrode for detecting 

35 a displacement of the vibrating portion in a thickness direction thereof, wherein: the first electrode layer is made of an 
alloy of at least one metal selected from the group consisting of cobalt, nickel, iron, manganese and copper and a 
noble metal; and the piezoelectric layer is made of a rhombohedral or tetragonal perovskite oxide that is preferentially 
oriented along a (001) plane. 

[0041] Each vibrating portion of the substrate is vibrated in the width direction thereof by applying a voltage between 
40 the driving electrode of the second electrode layer and the first electrode layer. When the vibrating portion deforms in 
the thickness direction due to the Coriolis force while it is being vibrated, a voltage is generated between the detection 
electrode of the second electrode layer and the first electrode layer, whereby the angular velocity can be calculated 
based on the magnitude of the voltage (the Coriolis force). The portion for detecting the angular velocity (the vibrating 
portion) is a piezoelectric element similar to the piezoelectric element of the present invention. Therefore, the piezoe- 
45 lectric constant can be increased to be about 40 times as large as that of a conventional angular velocity sensor using 
quartz, and thus the size thereof can be reduced significantly. Moreover, even if the angular velocity sensors are mass- 
produced industrially, it is possible to obtain angular velocity sensors with a high characteristics reproducibility and a 
small characteristics deviation, and with a high breakdown voltage and a high reliability. 

[0042] In the angular velocity sensor of the present invention, it is preferred that an orientation control layer made 
50 of a cubic or tetragonal perovskite oxide that is preferentially oriented along a (1 00) or (001 ) plane is provided between 
the first electrode layer and the piezoelectric layer. 

[0043] A method for manufacturing the piezoelectric element of the present invention includes the steps of: forming 
a first electrode layer made of an alloy of at least one metal selected from the group consisting of cobalt, nickel, iron, 
manganese and copper and a noble metal on a substrate by a sputtering method; forming a piezoelectric layer made 
55 of a rhombohedral ortetragonal perovskite oxide that is preferentially oriented along a (001 ) plane on the first electrode 
layer by a sputtering method; and forming a second electrode layer on the piezoelectric layer. 
[0044] In this way, it is possible to easily manufacture the piezoelectric element of the present invention. 
[0045] Alternatively, a method for manufacturing the piezoelectric element of the present invention includes the steps 
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of: forming a first electrode layer made of an alloy of at least one metal selected from the group consisting of cobalt, 
nickel, iron, manganese and copper and a noble metal on a substrate by a sputtering method; forming an orientation 
control layer made of a cubic or tetragonal perovskite oxide that is preferentially oriented along a (1 00) or (001 ) plane 
on the first electrode layer by a sputtering method; forming a piezoelectric layer made of a rhombohedral or tetragonal 
5 perovskite oxide that is preferentially oriented along a (001) plane on the orientation control layer by a sputtering 
method; and forming a second electrode layer on the piezoelectric layer. 

[0046] In this way, it is possible to easily manufacture a piezoelectric element in which an orientation control layer 
is provided between the first electrode layer and the piezoelectric layer. 

[0047] A method for manufacturing the first ink jet head of the present invention includes the steps of: forming the 

10 first electrode layer made of an alloy of at least one metal selected from the group consisting of cobalt, nickel, iron, 
manganese and copper and a noble metal on a substrate by a sputtering method; forming the piezoelectric layer made 
of a rhombohedral ortetragonal perovskite oxide that is preferentially oriented along a (001) plane on the first electrode 
layer by a sputtering method; forming the second electrode layer on the piezoelectric layer; forming the vibration layer 
on the second electrode layer; bonding a pressure chamber member for forming the pressure chamber on one surface 

15 of the vibration layer that is away from the second electrode layer; and removing the substrate after the bonding step. 
[0048] In this way, it is possible to easily manufacture the first ink jet head of the present invention. 
[0049] Alternatively, a method for manufacturing the first ink jet head of the present invention includes the steps of: 
forming the first electrode layer made of an alloy of at least one metal selected from the group consisting of cobalt, 
nickel, iron, manganese and copper and a noble metal on a substrate by a sputtering method; forming the orientation 

20 control layer made of a cubic or tetragonal perovskite oxide that is preferentially oriented along a (1 00) or (001 ) plane 
on the first electrode layer by a sputtering method; forming the piezoelectric layer made of a rhombohedral ortetragonal 
perovskite oxide that is preferentially oriented along a (001) plane on the orientation control layer by a sputtering 
method; forming the second electrode layer on the piezoelectric layer; forming the vibration layer on the second elec- 
trode layer; bonding a pressure chamber member for forming the pressure chamber on one surface of the vibration 

25 layer that is away from the second electrode layer; and removing the substrate after the bonding step. 

[0050] In this way, it is possible to easily manufacture the first ink jet head of the present invention, in which the 
orientation control layer is provided in the piezoelectric element. 

[0051] A method for manufacturing the second ink jet head of the present invention includes the steps of: forming 
the vibration layer on a pressure chamber substrate for forming the pressure chamber; forming the first electrode layer 
30 made of an alloy of at least one metal selected from the group consisting of cobalt, nickel, iron, manganese and copper 
and a noble metal on the vibration layer by a sputtering method; forming the piezoelectric layer made of a rhombohedral 
ortetragonal perovskite oxide that is preferentially oriented along a (001 ) plane on the first electrode layer by a sputtering 
method; forming the second electrode layer on the piezoelectric layer; and forming the pressure chamber in the pres- 
sure chamber substrate. 

35 [0052] In this way, it is possible to easily manufacture the second ink jet head of the present invention. 

[0053] Alternatively, a method for manufacturing the second ink jet head of the present invention includes the steps 
of: forming the vibration layer on a pressure chamber substrate for forming the pressure chamber; forming the first 
electrode layer made of an alloy of at least one metal selected from the group consisting of cobalt, nickel, iron, man- 
ganese and copper and a noble metal on the vibration layer by a sputtering method; forming the orientation control 

40 layer made of a cubic or tetragonal perovskite oxide that is preferentially oriented along a (1 00) or (001 ) plane on the 
first electrode layer by a sputtering method; forming the piezoelectric layer made of a rhombohedral or tetragonal 
perovskite oxide that is preferentially oriented along a (001) plane on the orientation control layer by a sputtering 
method; forming the second electrode layer on the piezoelectric layer; and forming the pressure chamber in the pres- 
sure chamber substrate. 

45 [0054] In this way, it is possible to easily manufacture the second ink jet head of the present invention, in which the 
orientation control layer is provided in the piezoelectric element. 

[0055] A method for manufacturing the angular velocity sensor of the present invention includes the steps of: forming 
the first electrode layer made of an alloy of at least one metal selected from the group consisting of cobalt, nickel, iron , 
manganese and copper and a noble metal on the substrate by a sputtering method; forming the piezoelectric layer 

50 made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented along a (001) plane on the first 
electrode layer by a sputtering method; forming the second electrode layer on the piezoelectric layer; patterning the 
second electrode layer so as to form the driving electrode and the detection electrode; patterning the piezoelectric 
layer and the first electrode layer; and patterning the substrate so as to form the fixed portion and the vibrating portions. 
[0056] In this way, it is possible to easily manufacture the angular velocity sensor of the present invention. 

55 [0057] Alternatively, a method for manufacturing the angular velocity sensor of the present invention includes the 
steps of: forming the first electrode layer made of an alloy of at least one metal selected from the group consisting of 
cobalt, nickel, iron, manganese and copper and a noble metal on the substrate by a sputtering method; forming the 
orientation control layer made of a cubic or tetragonal perovskite oxide that is preferentially oriented along a (1 00) or 
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(001 ) plane on the first electrode layer by a sputtering method; forming the piezoelectric layer made of a rhombohedral 
or tetragonal perovskite oxide that is preferentially oriented along a (001) plane on the orientation control layer by a 
sputtering method; forming the second electrode layer on the piezoelectric layer; patterning the second electrode layer 
so as to form the driving electrode and the detection electrode; patterning the piezoelectric layer, the orientation control 
5 layer and the first electrode layer; and patterning the substrate so as to form the fixed portion and the vibrating portions. 
[0058] In this way, it is possible to easily manufacture the angular velocity sensor of the present invention, in which 
the orientation control layer is provided in the portion for detecting the angular velocity 

[0059] A first ink jet recording apparatus of the present invention includes an ink jet head, the ink jet head including: 
a piezoelectric element in which a first electrode layer, a piezoelectric layer and a second electrode layer are layered 

10 in this order; a vibration layer provided on one surface of the piezoelectric element that is closerto the second electrode 
layer; and a pressure chamber member bonded to one surface of the vibration layer that is away from the piezoelectric 
element and including a pressure chamber for storing ink therein, the ink jet head being capable of being relatively 
moved with respect to a recording medium, in which while the ink jet head is moved with respect to the recording 
medium, the vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric layer of 

15 the piezoelectric element in the ink jet head so as to discharge the ink out of the pressure chamber through a nozzle 
hole communicated to the pressure chamber onto the recording medium, thereby recording information, wherein: the 
first electrode layer of the piezoelectric element in the ink jet head is made of an alloy of at least one metal selected 
from the group consisting of cobalt, nickel, iron, manganese and copper and a noble metal; and the piezoelectric layer 
is made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented along a (001) plane. 

20 [0060] A second inkjet recording apparatus of the present invention includes an inkjet head, the inkjet head including: 
a piezoelectric element in which a first electrode layer, a piezoelectric layer and a second electrode layer are layered 
in this order; a vibration layer provided on one surface of the piezoelectric element that is closer to the first electrode 
layer; and a pressure chamber member bonded to one surface of the vibration layer that is away from the piezoelectric 
element and including a pressure chamber for storing ink therein, the ink jet head being capable of being relatively 

25 moved with respect to a recording medium, in which while the ink jet head is moved with respect to the recording 
medium, the vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric layer of 
the piezoelectric element in the ink jet head so as to discharge the ink out of the pressure chamber through a nozzle 
hole communicated to the pressure chamber onto the recording medium, thereby recording information, wherein: the 
first electrode layer of the piezoelectric element in the inkjet head is made of an alloy of at least one metal selected 

30 from the group consisting of cobalt, nickel, iron, manganese and copper and a noble metal; and the piezoelectric layer 
is made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented along a (001) plane. 
[0061] The first and second inkjet recording apparatuses of the present invention both use an inkjet head with which 
it is possible to easily control the deviation in the ink discharge, whereby it is possible to suppress the deviation in the 
recording operation onto the recording medium, thus improving the reliability of the recording apparatus. 

35 [0062] In the first and second inkjet recording apparatuses of the present invention, it is preferred that an orientation 
control layer made of a cubic or tetragonal perovskite oxide that is preferentially oriented along a (1 00) or (001 ) plane 
is provided between the first electrode layer and the piezoelectric layer of the piezoelectric element in the inkjet head. 
[0063] Thus, it is possible to stably and easily obtain an inkjet recording apparatus with a high reliability. 



40 BRIEF DESCRIPTION OF THE DRAWINGS 



[0064] 

FIG. 1 is a perspective view illustrating a piezoelectric element according to an embodiment of the present invention. 
45 FIG. 2A to FIG. 2E illustrate steps in a method for manufacturing the piezoelectric element of FIG. 1 . 

FIG. 3 is a characteristics diagram illustrating the amount of displacement of a tip of the piezoelectric element of 
FIG. 1 in response to a triangular voltage applied between a first electrode layer and a second electrode layer of 
the piezoelectric element. 

FIG. 4 is a diagram similar to FIG. 3 for a piezoelectric element of Comparative Example 1 . 
50 FIG. 5 is a perspective view illustrating another piezoelectric element according to an embodiment of the present 

invention. 

FIG. 6A to FIG. 6E illustrate steps in a method for manufacturing the piezoelectric element of FIG. 5. 
FIG. 7 is a perspective view illustrating a variation of the piezoelectric element of FIG. 5. 
FIG. 8A to FIG. 8E illustrate steps in a method for manufacturing the piezoelectric element of FIG. 7. 
55 FIG. 9 is a diagram similar to FIG. 3 for the piezoelectric element of FIG. 5. 

FIG. 1 0 is a schematic diagram illustrating an ink jet head according to an embodiment of the present invention. 
FIG. 11 is a partial ly-cutaway perspective view illustrating an ink discharging element of the inkjet head of FIG. 10. 
FIG. 12 is a cross-sectional view taken along line XII-XII of FIG. 11. 
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FIG. 13A to FIG. 131 illustrate steps in a method for manufacturing the ink jet head of FIG. 10. 

FIG. 14 is aviewsimilarto FIG. 12, illustrating an important part (actuator section) of another ink jet head according 

to an embodiment of the present invention. 

FIG. 15A to FIG. 151 illustrate steps in a method for manufacturing the ink jet head of FIG. 14. 
5 FIG. 16 is a view similar to FIG. 12, illustrating an important part (actuator section) of still another ink jet head 

according to an embodiment of the present invention. 

FIG. 17A to FIG. 17H illustrate steps in a method for manufacturing the ink jet head of FIG. 16. 
FIG. 18 is a view similar to FIG. 12, illustrating an important part (actuator section) of still another ink jet head 
according to an embodiment of the present invention. 
10 FIG. 19A to FIG. 19H illustrate steps in a method for manufacturing the ink jet head of FIG. 18. 

FIG. 20 is a schematic perspective view illustrating an ink jet recording apparatus according to an embodiment of 
the present invention. 

FIG. 21 is a schematic perspective view illustrating an angular velocity sensor according to an embodiment of the 
present invention. 

15 FIG. 22 is a cross-sectional view taken along line XXII-XXII of FIG. 21 . 

FIG. 23A to FIG. 23F illustrate steps in a method for manufacturing the angular velocity sensor of FIG. 21 . 
FIG. 24 is a plan view illustrating the method for manufacturing the angular velocity sensor of FIG. 21 after a second 
electrode layer is patterned. 

FIG. 25 is a schematic perspective view illustrating a conventional angular velocity sensor using quartz. 
20 FIG. 26 is a cross-sectional view taken along line XXVI-XXVI of FIG. 25. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0065] Embodiments of the present invention will now be described with reference to the drawings. 

25 

EMBODIMENT 1 

[0066] FIG 1 is a perspective view illustrating a piezoelectric element 20 according to an embodiment of the present 
invention. As illustrated in FIG. 1 , the piezoelectric element 20 of the present embodiment includes a silicon substrate 

30 1 of a flat strip shape having a length of 15.0 mm, a thickness of 0.30 mm and a width of 3.0 mm, and a layered structure 
10 provided on the silicon substrate 1. A 3.0-mm end portion of the piezoelectric element 20 is fixed, via an epoxy 
adhesive 6, to a stainless steel support substrate 5 having a width of 3.0 mm, a length of 1 0.0 mm and a thickness of 
1 .0 mm and extending in the direction perpendicular to the piezoelectric element 20 (the Y axis direction in the coor- 
dinate system of FIG. 1), thus forming a cantilever. Note that the substrate 1 is not limited to a silicon substrate, but 

35 may alternatively be a glass substrate, a metal substrate, a ceramic substrate, or the like. 

[0067] The layered structure 10 includes a first electrode layer 2 provided on the silicon substrate 1 , a piezoelectric 
layer 3 provided on the first electrode layer 2 and a second electrode layer 4 provided on the piezoelectric layer 3, and 
is obtained by depositing the first electrode layer 2, the piezoelectric layer 3 and the second electrode layer 4 in this 
order on the substrate 1 by a sputtering method. Note that the deposition method for the various films is not limited to 

40 a sputtering method, but may alternatively be any other suitable deposition method as long as a crystalline thin film is 
directly formed without the crystallization step using a heat treatment (e.g., a CVD method), and the deposition method 
for the second electrode layer 4 may be a sol-gel method, or the like. Moreover, an adhesive layer for improving the 
adhesion between the silicon substrate 1 and the first electrode layer 2 may be formed between the silicon substrate 

1 and the first electrode layer 2 (see a variation of Embodiment 2 to be described later). The adhesive layer may be 
45 formed of at least one material selected from the group consisting of titanium, tantalum and molybdenum. 

[0068] The first electrode layer 2 is made of an iridium (Ir) thin film having a thickness of 0.10 fim and containing 6 
mol% of cobalt (Co). Thus, the first electrode layer 2 is made of an alloy of cobalt and iridium as a noble metal, and 
forms an electrode/crystal orientation control layer that has a function of controlling the crystal orientation of the pie- 
zoelectric layer 3 as will be described later, in addition to the function as an electrode. Note that the first electrode layer 

50 2 may be made of an alloy of at least one metal selected from the group consisting of cobalt, nickel, iron, manganese 
and copper and a noble metal, and the noble metal may be at least one noble metal selected from the group consisting 
of platinum, iridium, palladium and ruthenium. Furthermore, the first electrode layer 2 may contain a very slight amount 
of oxygen in its composition, in addition to the alloy of at least one metal selected from the group consisting of cobalt, 
nickel, iron, manganese and copper and a noble metal. The content of at least one metal selected from the group 

55 consisting of cobalt, nickel, iron, manganese and copper is preferably greater than zero and less than or equal to 26 
mol% so that the crystal orientation can be controlled desirably. Furthermore, the thickness of the first electrode layer 

2 may be in the range of 0.05 to 2 urn 

[0069] The piezoelectric layer 3 is formed across the entire upper surface of the first electrode layer 2 excluding the 
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3.0-mm (base) end portion thereof that is bonded to the stainless steel support substrate 5 (i.e., a portion of the upper 
surface of the first electrode layer 2 having a width of 3.0 mm and a length of 12.0 mm), and is made of a rhombohedral 
or tetragonal perovskite oxide that is preferentially oriented along a (001) plane (since the (100) plane and the (001) 
plane are the same in a rhombohedral system, the rhombohedral (100) orientation is included herein). In the present 

5 embodiment, the piezoelectric layer 3 is made of a PZT thin film having a thickness of 2.50 jim, and the composition 
of PZT is Zr/Ti=53/47 (thus making it rhombohedral). Note that the Zr/Ti composition is not limited to 53/47, but may 
be any other suitable composition as long as it is in the range of 30/70 to 70/30. Moreover, the material of the piezo- 
electric layer 3 is not limited to any particular material, as long as it is a piezoelectric material whose main component 
is PZT, e.g., those obtained by adding an additive such as Sr, Nb, Al or Mg to PZT. In addition, La-containing PZT (i. 

10 e. , PLZT) may be used. Furthermore, the thickness of the piezoelectric layer 3 is not limited to any particular thickness 
as long as it is in the range of 0.5 to 5.0 ujti. 

[0070] The second electrode layer 4 is made of a platinum (Pt) thin film having a thickness of 0.25 jim, and lead 
wires 7 and 8 are connected to the first electrode layer 2 and the second electrode layer 4. respectively. Note that the 
material of the second electrode layer 4 is not limited to Pt, but may alternatively be any suitable conductive material, 
15 and the thickness thereof is not limited to any particular thickness as long as it is in the range of 0.1 to 0.4 urn 

[0071] When a voltage is applied between the first electrode layer 2 and the second electrode layer 4 of the piezo- 
electric element 20 via the lead wires 7 and 8, the piezoelectric layer 3 expands in the X axis direction in the coordinate 
system of FIG. 1 (the longitudinal direction of the piezoelectric layer 3). The amount of expansion AL(m) of the piezo- 
electric layer 3 can be expressed as follows: 

20 

AL=d 31 *L*E/t 

where E(V) is the applied voltage, t(m) is the thickness of the piezoelectric layer 3. L(m) is the length of the 
25 piezoelectric layer 3, and d 31 (pm/V) is the piezoelectric constant of the piezoelectric layer 3. 

[0072] An upper portion of the piezoelectric layer 3 that is attached to the second electrode layer 4 having a small 
thickness expands in the X axis direction, whereas the expansion of a lower portion thereof that is attached to the 
silicon substrate 1 via the first electrode layer 2 is restricted by the thick silicon substrate 1 . As a result, the tip end 
side of the piezoelectric element 20, which is opposite to the base end (the end at which the lead wires 7 and 8 are 
30 connected) fixed to the stainless steel support substrate 5 is displaced in the negative direction along the Z axis in the 
coordinate system of FIG. 1 (the downward direction in FIG. 1). Thus, the tip of the piezoelectric element 20 can be 
vertically reciprocated within a predetermined displacement range by repeating application and removal of a voltage 
at a constant frequency. The displacement characteristics of the piezoelectric element 20 can be evaluated by meas- 
uring the relationship between the applied voltage and the displacement range of the tip of the piezoelectric element 20. 
35 [0073] Next, a method for manufacturing the piezoelectric element 20 will be described with reference to FIG. 2A to 
FIG. 2E. 

[0074] First, as illustrated in FIG. 2A, the first electrode layer 2 made of an iridium film containing 6 mol% of cobalt 
is formed, by an RF sputtering method, to a thickness of 0.1 0 jxm on the silicon substrate 1 having a size of 20 mm x 
20 mm and a thickness of 0.30 mm whose (001) plane has been polished, while using a stainless steel mask (not 
40 shown) having a thickness of 0.2 mm and including therein rectangular openings having a width of 5.0 mm and a length 
of 18.0 mm. 

[0075] Specifically, using a three-target RF magnetron sputtering apparatus, the cobalt-containing iridium film is 
formed through a sputtering process by applying high-frequency powers of 1 00 W and 200 W to the first (cobalt) and 
second (iridium) targets, respectively, of the three-target sputtering apparatus (thethird target is not used) for 15 minutes 
45 while keeping the temperature of the silicon substrate 1 at 400°C in a mixed gas of argon and oxygen (gas volume 
ratio: Ar:0 2 =15: 1) as a sputtering gas at a total gas pressure of 0.25 Pa. 

[0076] Then, the piezoelectric layer 3 made of a PZTfilm having a thickness of 2.50 jxm is formed, by an RF magnetron 
sputtering method, precisely in a predetermined position on the surface of the first electrode layer 2 by using a stainless 
steel mask (thickness: 0.2 mm) including therein rectangular openings having a width of 5.0 mm and a length of 12.0 

50 mm. The method for forming the piezoelectric layer 3 made of a PZT film will be described later in greater detail. 

[0077] Then , the second electrode layer 4 made of platinum and having a thickness of 0.25 ujn is formed, by an RF 
sputtering method, on the surface of the piezoelectric layer 3 by using a stainless steel mask of the same shape as 
that of the mask used in the formation of the piezoelectric layer 3, thereby obtaining a structure 21 in which the layered 
structure 10 including the piezoelectric layer 3 is provided on the silicon substrate 1, as illustrated in FIG. 2B. 

55 [0078] Then, as illustrated in FIG. 2C, the structure 21 is cut by a dicing saw into a strip-shaped piece having a width 
of 3.0 mm and a length of 15.0 mm so that a portion of the first electrode layer 2 is exposed in a square portion having 
a size of 3.0 mm x 3.0 mm at one end of the strip-shaped piece. This strip-shaped piece is a piezoelectric element 
precursor 22 in which the second electrode layer 4 is exposed over a portion of the first electrode layer 2 having a 
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width of 3.0 mm and a length of 12.0 mm. 

[0079] Then , as illustrated in FIG. 2D, one end of the silicon substrate 1 of the piezoelectric element precursor 22 is 
bonded to the stainless steel support substrate 5 by using the epoxy adhesive 6. 

[0080] Next, as illustrated in FIG. 2E, the lead wire 7 having a diameter of 0.1 mm and made of gold is connected 
5 to an exposed portion of the first electrode layer 2 of the piezoelectric element precursor 22 by using a conductive 
adhesive (silver paste), and the lead wire 8. similar to the lead wire 7, is connected to one end of the second electrode 
layer 4 that is closer to the exposed portion of the first electrode layer 2 by wire bonding, thereby obtaining the piezo- 
electric element 20. 

[0081] Now, the method forforming the piezoelectric layer 3 will be described in greater detail. Using an RF magnetron 

10 sputtering apparatus, the piezoelectric layer 3 is formed through a sputtering process by applying a high-frequency 
power of 600 W to a sinter target, which is prepared by adding a 5 mol% excess of lead oxide (PbO) to lead lanthanum 
zirconate titanate (PbZr 0 53^0 47O3), for 125 minutes in a deposition chamber while keeping the temperature of the 
silicon substrate 1, on which the first electrode layer 2 made of a cobalt-containing iridium film has been formed, at 
600°C. In the deposition process, a mixed gas of argon and oxygen (gas volume ratio: Ar:0 2 =19:1) is used as the 

15 sputtering gas, and the total gas pressure is kept at 0.3 Pa. 

[0082] The piezoelectric layer 3 is grown by using, as a nucleus, cobalt existing in a dotted pattern on one surface 
of the first electrode layer 2 that is closer to the piezoelectric layer 3, whereby it is likely to be oriented along the (001) 
plane over cobalt. Specifically, cobalt (or nickel, iron, manganese, copper) is likely to adsorb oxygen in the sputtering 
gas during the formation of the piezoelectric layer 3, and the adsorption occurs while taking a stable coordination of 

20 an NaCI-type crystalline structure. As a result, PZT, which has the same coordination relationship between metal (lead) 
atoms and oxygen atoms, continuously grows thereon. The oxygen partial pressure during the deposition process is 
relatively low and there is a small amount of oxygen in the deposition atmosphere. Therefore, the phenomenon in 
which only oxygen atoms are arranged in layers (in which the (111) plane grows) is less likely to occur, whereby the 
(001) plane, on which metal (lead) atoms and oxygen atoms are alternately arranged in layers, grows more easily. On 

25 the other hand, since the silicon substrate 1 is used, the first electrode layer 2 is oriented along the (111) plane, and a 
region of the piezoelectric layer 3 above a portion of the surface of the first electrode layer 2 where cobalt does not 
exist may be oriented in a direction otherthan along the (001) plane (e.g.. along the (111) plane) or may be amorphous 
(amorphous in the case of an iridium film). However, since a (001)-oriented portion grows more easily in an oxygen- 
containing deposition atmosphere as described above, the (001)-oriented portion of the PLT film over cobalt grows at 

30 a higher rate than the growth of crystal grains oriented in a direction other than along the (001 ) plane in a region of the 
piezoelectric layer 3 above a portion of the surface of the first electrode layer 2 where cobalt does not exist. Therefore, 
the (001 )-oriented portion grows while gradually expanding in the lateral direction to form an inverted cone shape, and 
while suppressing the growth of crystal grains oriented in a direction other than along the (001) plane. As a result, 
when the thickness of the piezoelectric layer 3 is about 20 nm, the (001 )-oriented region extends substantially across 

35 the entire surface. As a result, if the thickness of the piezoelectric layer 3 is set to be 0.5 ujti or more, the (001)-oriented 
region extends across a major portion of the surface of piezoelectric layer 3, with the degree of (001) orientation (the 
degree of rhombohedral (100) orientation) being as high as 90% or more. 
[0083] Now, specific examples of the present invention will be described. 

[0084] First, as a piezoelectric element of Example 1 , the same piezoelectric element as that of the embodiment 
40 described above was produced by the same manufacturing method. Note that during the production process, the films 
of the first electrode layer and the piezoelectric layer were subjected to a composition analysis with an X-ray micro- 
analyzer, and the crystalline orientation degree of the piezoelectric layer was examined through an analysis by an X- 
ray diffraction method. 

[0085] A composition analysis of the first electrode layer (an iridium film) showed that the film was made of iridium 
45 containing 6 mol% of cobalt. Moreover, a composition analysis of the piezoelectric layer (a PZT film) showed that the 
cation composition ratio of the PZT film was Pb:Zr:Ti=1 .00:0.53:0.47 and thus the PZT film had a chemical composition 
that can be expressed as Pb(Zr 0 53 Ti 0 47 )0 3 . 

[0086] Furthermore, an analysis by an X-ray diffraction method showed that the piezoelectric layer was a thin film 
having a perovskite crystalline structure and preferentially oriented along the (001) plane with the degree of (001) 
50 orientation being 99% (i.e., a thin film whose <001> axis extends perpendicular to the surface thereof). Herein, the 
crystalline orientation degree of a PZT film is the proportion (in percent) of the peak intensity of the (001) plane with 
respect to the sum of peak intensities from the (001), (100), (010), (110), (011), (101) and (111) planes as read from 
the X-ray diffraction pattern of the PZT film. 

[0087] Next, a triangular voltage of 0 V to -1 0 V was applied via lead wires between the first electrode layer and the 
55 second electrode layer of the piezoelectric element of Example 1 so as to measure the amount of displacement of the 
tip of the piezoelectric element vertically reciprocating in the Z axis direction in the coordinate system of FIG. 1 . 
[0088] FIG. 3 illustrates the amount of displacement of the tip of the piezoelectric element in response to a voltage 
applied at a frequency of 1 00 Hz. As illustrated in FIG. 3, when a voltage of 0 V to -1 0 V was applied, the maximum 
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amount of displacement of the tip of the piezoelectric element was 3.8 jim. 

[0089] Three silicon substrates were prepared with the first electrode layer being formed thereon under the same 
conditions for the piezoelectric element of Example 1 , and the same PZT films as that of the piezoelectric element of 
Example 1 were formed by using the three substrates. The three substrates were subjected to the sputtering process 
for 2, 5 and 20 minutes, respectively. The thicknesses of the obtained PZT films were 0.02 \im, 0.09 jim and 0.40 um 
respectively. The degree of (001) orientation of each of the PZT films was examined by an X-ray diffraction method. 
[0090] As a result, the degrees of (001 ) orientation of the PZT films having the thicknesses of 0.02 jxm, 0.09 |_im and 
0.40 jim were 85%, 95% and 98%, respectively. This shows that the crystal orientation of the PZT film is such that the 
(001 ) orientation becomes more dominant as the film growth proceeds, starting from the surface of the first electrode. 
[0091] Next, piezoelectric elements of Example 2 to Example 39 whose first electrode layers have different compo- 
sitions and thicknesses were produced by changing the materials of the targets of the three-target RF magnetron 
sputtering apparatus and controlling the sputtering power and the sputtering time. Table 1 below shows the target 
material, the sputtering power and the sputtering time used for forming the first electrode layer for each of the piezo- 
electric elements. 
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TABLE 1 





Sputtering conditions for forming first electrode layer 
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Ir(200W) 




28 




32 


Co(120W) 


Ir(200W) 


Pt(200W) 


4 




33 


Co(145W) ! 


Ir(200W) 


Ru(160W) 


17 




34 


Ni(120W) ! 


Pt(180W) 


Pd(100W) 


40 




35 


Cu(90W) 


Ir(90W) 


Pd(180W) 


19 




36 


Cu(125W) 


Ir(lOOW) 


Pt(l80W) 


20 




37 


Co(lOOW) 


Pt(l80W) 


Pd(90W) 


19 




38 


Co(90W) 


Ir(200W) 


Ru(80W) 


28 




39 


Fe(90W) 


Pt(l80W) 


Ru(80W) 


30 



[0092] As in Example 1 , for each of the piezoelectric elements of Example 2 to Example 39, the thickness and the 
composition of the first electrode layer and the degree of (001) orientation of the piezoelectric layer were examined, 
and the amount of displacement (maximum amount of displacement) of the tip of the piezoelectric element in response 
to an applied triangular voltage was measured. The results are shown in Table 2 below. 
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TABLE 2 





First electrode layer 


L>egree oi 
(001) 
orientation of 
PZT film 


Evaluation of 
piezoelectric 
elements 




Composition 
(analytical value) 


Thickness 
( u m) 




Displacement 

(/*m) 


Overall 
quality 




1 


Co(6%)-Ir(94%) 


0. 10 


99 


3. 8 


Good 




2 


Co(l%)-Ir(99%) 


0. 22 


99 


3. 5 


Good 




3 


Co(l4%)-Ir(86%) 


0. 10 


98 


3. 8 


Good 




4 


Co(l4%)-Pt(84%) 


0. 15 


97 


3. 6 


Good 




5 


Co(16%)-Pd(84%) 


0. 10 


99 


3. 8 


Good 




6 


Co (20%) -Ru (80%) 


0. 20 


99 


3. 5 


Good 




7 


Co(24%)-Ir(76%) 


0. 20 


99 


3. 5 


Good 




8 


Co (26%) -Ir (74%) 


0. 10 


97 


3. 7 


Good 




9 


Co (30%) -Ir (70%) 


0. 10 


65 


2. 7 


Fair 


>< 


10 


Co (40%) - Ir (60%) 


0. 10 


60 


2. 6 


Fair 


11 


Ni(l%)-Ir(99%) 


0. 22 


99 


3. 6 


Good 


•o 


12 


Ni(5%)-Ir(95%) 


0. 10 


99 


3. 8 


Good 


CD 
w 


13 


Ni(10%)-Pt(90%) 


0. 10 


99 


3. 9 


Good 




14 


Ni(15%)-Pd(85%) 


0. 15 


99 


3. 9 


Good 




15 


Ni(20%)-Ir(80%) 


0. 20 


99 


3. 5 


Good 




16 


Ni(25%) -Pt(75%) 


0. 20 


99 


3. 8 


Good 




17 


Ni(30%)-Ir(70%) 


0. 10 


65 


2. 7 


Fair 




18 


Fe(l%)-Pt(99%) 


0. 22 


99 


3. 9 


Good 




19 


Fe(l5%) -Pd(85%) 


0. 10 


99 


3. 9 


Good 




20 


Fe(25%) -Ir(75%) 


0. 10 


99 


3. 8 


Good 




21 


Fe(30%) -lr(70%) 


0. 15 


69 


2. 8 


Fair 




22 


Mn(l%)-Ir(99%) 


0. 20 


99 


3. 5 


Good 




23 


Mn(8%)-Pt(92%) 


0. 20 


99 


3. 8 


Good 




24 


Mn(20%)-Ir(80%) 


0. 10 


98 


3. 7 


Good 




25 


Mn(25%)-Ir(75%) 


0. 10 


98 


3. 8 


Good 




26 


Mn(30%)— Ir(70%) 


0. 20 


68 


2. 6 


Good 




27 


Cu(l%)— Pt(99%) 


0. 20 


99 


3. 6 


Good 




28 


Cu(4%)— Pt(96%) 


0. 10 


99 


3. 8 


Good 




29 


Cu(15%)— Ir(85%) 


0. 15 


yy 


3. 6 


Good 




30 


Cu(25%) — Pt(75%) 


0. 08 


99 


3. 8 


Good 




31 


Cu(31%)— Ir(69%) 


0. 25 


66 


2. 4 


Fair 




32 


C o ( 6 % ) — Ir ( 40 % ) — P t ( 56 % ) 


0. 06 


QQ 


3. 8 


Good 




33 


Co (8 % ) — Ir ( 72% ) - Ru ( 20 % ) 


0. 15 


97 


3. 4 


Good 




34 


Ni(10%)-Pt(88%)-Pd(10%) 


0. 30 


98 


3. 5 


Good 




35 


Cu (8% ) — Ir( 10%) — Pd (82% ) 


0. 15 


99 


3. 7 


Good 




36 


Cu(15%)— Ir(20%)— Pt(65%) 


0. 20 


98 


3. 4 


Good 




37 


Co(5%)— Pt(80%)-Pd(15%) 


0. 15 


99 


3. 6 


Good 




38 


Co(4%)— Ir(91%)-Ru(5%) 


0. 20 


98 


3. 4 


Good 




39 


Fe(4%)— Pt(90%) -Ru(6%) 


0. 20 


99 


3. 4 


Good 


Comp. 
Examples 


1 






23 


2. 4 


Poor 






2 


Ir(100%) 


0. 10 


22 


2. 3 


Poor 



[0093] It can be seen that the degree of (001) orientation of the piezoelectric layer of each example of the present 
invention is substantially higher than those of comparative examples to be described later. Particularly, when the content 
of at least one metal selected from the group consisting of cobalt, nickel, iron, manganese and copper in the first 
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electrode layer is 26 mol% or less, a degree of (001) orientation of 90% or more can reliably be obtained, and the 
maximum amount of displacement of the tip of the piezoelectric element can be large. 

[0094] Note that while a PZTfilm of the same composition was used as the piezoelectric layer for all the piezoelectric 
elements of Example 1 to Example 39, similar results were obtained with PZT films of different Ti/Zr molar ratios. 
5 Moreover, the piezoelectric layer may be an La-containing PZTfilm (PLZTfilm) or a PZTfilm containing ion of Nb, Mg, 
or the like, and a (001)-oriented film was obtained as in the piezoelectric elements of Example 1 to Example 39 as 
long as the film was an oxide film having a perovskite crystalline structure. 

[0095] Next, piezoelectric elements of Comparative Example 1 and Comparative Example 2 were produced as fol- 
lows. 

10 [0096] The piezoelectric element of Comparative Example 1 was produced through a production process partly ac- 
cording to Japanese Laid-Open Patent Publication No. 2001-88294, forming a piezoelectric thin film by a sputtering 
method. First, by using a sputtering apparatus, a similar silicon substrate to that used in Example 1 was put into an 
electric furnace at 1100°C, and subjected to an oxidization process for 22 hours while supplying dry oxygen, thereby 
forming a silicon oxide film having a thickness of about 1 jim on the surface. A thin film of zirconium oxide having a 

15 thickness of 0.4 ^im was formed on the surface of the substrate by a reactive sputtering method with a zirconium target 
while introducing oxygen (sputtering power: 200 W, degree of vacuum 0.3 Pa), a first electrode layer made of an iridium 
thin film having a thickness of 1 .0 u.m was formed on the surface of the zirconium oxide film by using an RF magnetron 
sputtering apparatus with an iridium target, and a titanium thin film having a thickness of 0.06 iim was formed on the 
surface of the first electrode layer by using a DC magnetron sputtering apparatus with a titanium target and using the 

20 same stainless steel mask as that used in the embodiment described above. Furthermore, a PZT film having the same 
composition as that of Example 1 was formed on the surface of the titanium film by a similar method to that of Example 
1 , and a second electrode layer similar to that of Example 1 made of a platinum thin film having a thickness of 0.25 
jim was formed, after which the obtained structure was machined as in Example 1 , thereby producing a piezoelectric 
element having the same shape as that of Example 1 (FIG. 1). 

25 [0097] The degree of (001 ) orientation of the PZT film of the piezoelectric layer in the piezoelectric element of Com- 
parative Example 1 was examined to be 23%. Moreover, the amount of displacement of the tip of the piezoelectric 
element of Comparative Example 1 in response to an applied triangular voltage was measured as illustrated in FIG. 
4, indicating that the maximum amount of displacement was 2.4 ujti (note that the crystalline orientation degree and 
the maximum amount of displacement are shown in Table 2 along with those of the examples of the present invention 

30 and Comparative Example 2 to be described below). 

[0098] It can be seen that with the structure of the piezoelectric element of Comparative Example 1 , it is difficult to 
control the crystal orientation of the piezoelectric thin film and a PZT film with a high degree of (001 ) orientation cannot 
be obtained when using a sputtering method for producing the piezoelectric layer, as described in Japanese Laid-Open 
Patent Publication No. 2001-88294. 

35 [0099] Next, the piezoelectric element of Comparative Example 2 was produced. The piezoelectric element of Com- 
parative Example 2 differs from those of the examples of the present invention inthatthe iridiumfilm of the first electrode 
layer does not contain a metal such as cobalt. Specifically, the first electrode layer is formed by a sputtering process 
for 1 6 minutes while setting the sputtering power to the first, cobalt target to 0 W and setting the sputtering power to 
the second, iridium target to 200 W. Thus, the piezoelectric element was produced under the same conditions as those 

40 of Example 1 except that the first electrode layer was an iridium film having a thickness of 0. 1 0 \irr\, which is believed 
not to function as a crystal orientation control layer. 

[0100] The piezoelectric layer of the piezoelectric element of Comparative Example 2 was analyzed by an X-ray 
diffraction method, showing an X-ray diffraction pattern with high-intensity diffraction peaks for the (111) and (110) 
planes other than the (001 ) plane, indicating that it was not a (001 )-oriented thin film as in Example 1 , and the degree 
45 of (001 ) orientation was 22%. It is believed that the first electrode layer, not containing a metal such as cobalt, did not 
function as a crystal orientation control layer, whereby the degree of (001 ) orientation of the PZT film thereon was low. 
[0101] Moreover, the amount of displacement of the tip of the piezoelectric element of Comparative Example 2 in 
response to an applied triangular voltage was measured, indicating that the maximum amount of displacement was 
2.3 u,m. 

50 [0102] Next, a piezoelectric element of Example 40 having the same shape as that of Example 1 was produced by 
the same method as that of Example 1 by using a substrate of a flat strip shape having a length of 15.0 mm and a 
width of 3.0 mm and made of a heat-resisting crystallized glass (thickness: 0.30 mm, thermal expansion coefficient: 
87x1 0 _7 /°C) that does not deform even at 700°C as a substrate, instead of using a silicon substrate (having a flat strip 
shape having a length of 15.0 mm, a thickness of 0.30 mm and a width of 3.0 mm). 

55 [0103] Moreover, using the same substrate as that of Example 40, a piezoelectric element of Example 41 was pro- 
duced as in Example 7, a piezoelectric element of Example 42 was produced as in Example 1 3, a piezoelectric element 
of Example 43 was produced as in Example 1 9, a piezoelectric element of Example 44 was produced as in Example 
32, and a piezoelectric element of Comparative Example 3 was produced as in Comparative Example 2 where the first 
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electrode layer was made only of iridium. 

[0104] For each of the piezoelectric elements of Example 40 to Example 44 and Comparative Example 3 produced 
by using a glass substrate as described above, the thickness and the composition of the first electrode layer and the 
degree of (001) orientation of the piezoelectric layer were examined, and the amount of displacement (maximum 
5 amount of displacement) of the tip of the piezoelectric element in response to an applied triangular voltage was meas- 
ured. The results are shown in Table 3 below. 



TABLE 3 







First electrode layer 


Degree of (001) 
orientation of 
PZT film 


Evaluation of 
piezoelectric 
elements 






Composition 
(analytical value) 


Thickness 




Displacement 

( A£ m) 


Overall 
quality 


Example; 


40 


Co(6%)-Ir(94%) 


0. 10 


99 


4. 3 


Good 


41 


Co(24%)-Ir(76%) 


0. 20 


99 


4. 2 


Good 


42 


Ni(10%)-Pt(90%) 


0. 10 


99 


4. 3 


Good 




43 


Fe(l5%)-Pd(85%) 


0. 10 


99 


4. 2 


Good 




44 


Co (6 % ) — Ir (4 0% ) — P t (5 6 % ) 


0. 06 


99 


4. 2 


Good 


1 o 

li 

CD • 


3 


Ir(100%) 


0. 10 


23 


2. 6 


Poor 



[0105] It can be seen that even when the substrate is made of a glass different from silicon, the piezoelectric element 
of the present invention has a piezoelectric layer having a high degree of (001) orientation and a high degree of pie- 
35 zoelectric displacement. Moreover, it was found that although the amount of displacement in response to an applied 
voltage varies depending on the substrate material, it is possible to realize stable displacement characteristics. 

EMBODIMENT 2 

40 [0106] FIG. 5 illustrates another piezoelectric element according to an embodiment of the present invention (note 
that the same components as those of FIG. 1 will be denoted by the same reference numerals and will not be further 
described below). The piezoelectric element of the present embodiment is similar to the piezoelectric element of Em- 
bodiment 1 except that it further includes an orientation control layer 11 between the first electrode layer 2 and the 
piezoelectric layer 3. 

45 [0107] Specifically,as in Embodiment 1 . the piezoelectric element 20 of the present embodiment includes the silicon 
substrate 1 and the layered structure 10 provided on the silicon substrate 1 , and a 3.0-mm end portion of the piezoe- 
lectric element 20 is fixed, via the epoxy adhesive 6, to the stainless steel support substrate 5, thus forming a cantilever. 
Note that also in the present embodiment, the substrate 1 is not limited to a silicon substrate, but may alternatively be 
a glass substrate, a metal substrate, a ceramic substrate, or the like. 

50 [0108] The layered structure 1 0 includes the first electrode layer 2 provided on the silicon substrate 1 , the orientation 
control layer 11 provided on the first electrode layer 2. the piezoelectric layer 3 provided on the orientation control layer 
11 and the second electrode layer 4 provided on the piezoelectric layer 3, and is obtained by depositing the first elec- 
trode layer 2, the orientation control layer 1 1 , the piezoelectric layer 3 and the second electrode layer 4 in this order 
on the substrate 1 by a sputtering method. Note that also in the present embodiment, the deposition method for the 

55 various films is not limited to a sputtering method, but may alternatively be any other suitable deposition method as 
long as a crystalline thin film is directly formed without the crystallization step using a heat treatment (e.g., a CVD 
method), and the deposition method for the second electrode layer 4 may be a sol-gel method, or the like. 
[0109] As in Embodiment 1 , the first electrode layer 2 is made of an alloy of cobalt and iridium, and forms an electrode/ 
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crystal orientation control layer that has a function of controlling the crystal orientation of the orientation control layer 
11 and, in turn, that of the piezoelectric layer 3 as will be described later, in addition to the function as an electrode. 
Note however that in the present embodiment, the cobalt content is 1 mol%, and the thickness is 0.22 jam. Note that 
also in the present embodiment, the first electrode layer 2 may be made of an alloy of at least one metal selected from 

5 the group consisting of cobalt, nickel, iron, manganese and copper and a noble metal, and the noble metal may be at 
least one noble metal selected from the group consisting of platinum, iridium, palladium and ruthenium. Furthermore, 
the first electrode layer 2 may contain a very slight amount of oxygen in its composition, in addition to the alloy of at 
least one metal selected from the group consisting of cobalt, nickel, iron, manganese and copper and a noble metal. 
The content of at least one metal selected from the group consisting of cobalt, nickel, iron, manganese and copper is 

10 preferably greater than zero and less than or equal to 26 mol% so that the crystal orientation can be controlled desirably. 
Furthermore, the thickness of the first electrode layer 2 may be in the range of 0.05 to 2 \im. 

[0110] The orientation control layer 11 is made of a cubic or tetragonal perovskite oxide that is preferentially oriented 
along a (100) or (001) plane. In the present embodiment, the orientation control layer 11 is made of lead lanthanum 
titanate (composition ratio: Pb:La:Ti=1 .12:0.08:1 .00), and the thickness thereof is 0.02 ujti. The crystal orientation of 

15 the orientation control layer 1 1 is controlled by the first electrode layer 2, thereby controlling the crystal orientation of 
the piezoelectric layer 3. Note that the material of the orientation control layer 11 is not limited to lead lanthanum 
titanate, but may alternatively be a material obtained by adding at least one of magnesium and manganese to lead 
lanthanum titanate, and may be a strontium-containing perovskite oxide, which can be formed at a relatively low tem- 
perature as compared with PZT, or the like, as can lead lanthanum titanate. In such a case, it is particularly preferred 

20 that strontium titan ate (SrTi0 3 ) is contained. Strontium titanate may be contained solely, or lead titanate, lead lanthanum 
titanate, barium titanate, etc., may be contained in addition to strontium titanate. Moreover, the thickness of the orien- 
tation control layer 1 1 is not limited to any particular thickness as long as it is in the range of 0.01 to 0.2 jxm. 
[0111] As in Embodiment 1 , the piezoelectric layer 3 is a PZT thin film (Zr/Ti=53/47) having a thickness of 2.50 jam 
and made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented along a (001) plane. Note 

25 that also in the present embodiment, the Zr/Ti composition is not limited to 53/47, but may be any other suitable com- 
position as long as it is in the range of 30/70 to 70/30. Moreover, the material of the piezoelectric layer 3 is not limited 
to any particular material, as long as it is a piezoelectric material whose main component is PZT, e.g., those obtained 
by adding an additive such as Sr, Nb, Al or Mg to PZT. In addition, La-containing PZT (i.e., PLZT) may be used. 
Furthermore, the thickness of the piezoelectric layer 3 is not limited to any particular thickness as long as it is in the 

30 range of 0.5 to 5.0 jo,m. 

[0112] As in Embodiment 1 , the second electrode layer 4 is made of a platinum thin film having a thickness of 0.25 
jim, but the material may alternatively be any suitable conductive material, and the thickness thereof is not limited to 
any particular thickness as long as it is in the range of 0.1 to 0.4 ujti. 

[0113] As in Embodiment 1 , the displacement characteristics of the piezoelectric element 20 can be evaluated by 
35 applying a voltage between the first and second electrode layers 2 and 4 via the lead wires 7 and 8 connected to the 
first and second electrode layers 2 and 4, respectively, and measuring the relationship between the applied voltage 
and the displacement range of the tip of the piezoelectric element 20. 

[0114] Next, a method for manufacturing the piezoelectric element 20 will be described with reference to FIG. 6Ato 
FIG. 6E. 

40 [0115] First, as in Embodiment 1 , the first electrode layer 2 made of an iridium film containing 1 mol% of cobalt is 
formed, by an RF sputtering method (see the row "Example 45" in Table 4 below for specific conditions), on the silicon 
substrate 1 having a size of 20 mm x 20 mm whose (001 ) plane has been polished, while using a stainless steel mask 
including therein rectangular openings having a width of 5.0 mm and a length of 1 8.0 mm (see FIG. 6A). 
[0116] Then, the orientation control layer 11 made of a lead lanthanum titanate having a thickness of 0.02 ujn is 

45 formed, by an RF magnetron sputtering method, precisely in a predetermined position on the surface of the first elec- 
trode layer 2 by using a stainless steel mask including therein rectangular openings having a width of 5.0 mm and a 
length of 12.0 mm, after which the piezoelectric layer 3 made of a PZT film having a thickness of 2.50 jam is formed, 
by an RF magnetron sputtering method, precisely in a predetermined position on the surface of the orientation control 
layer 11. The method for forming the orientation control layer 11 and the piezoelectric layer 3 will be described later 

50 in greater detail. 

[01 1 7] Next, as in Embodiment 1 , the second electrode layer 4 is formed by an RF sputtering method on the surface 
of the piezoelectric layer 3, thereby obtaining the structure 21 in which the layered structure 10 is provided on the 
silicon substrate 1 (see FIG. 6B). 

[01 1 8] Then , the structure 21 is cut by a dicing saw as in Embodiment 1 , thereby obtaining the piezoelectric element 
55 precursor 22 (see FIG. 6C). 

[0119] Then, as in Embodiment 1 , one end of the silicon substrate 1 of the piezoelectric element precursor 22 is 
bonded to the stainless steel support substrate 5 by using the epoxy adhesive 6 (see FIG. 6D), after which the lead 
wire 7 is connected to an exposed portion of the first electrode layer 2 of the piezoelectric element precursor 22, and 
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the lead wire 8 is connected to the second electrode layer 4, thereby obtaining the piezoelectric element 20 (see FIG. 
6E). 

[0120] Now, the method for forming the orientation control layer 11 and the piezoelectric layer 3 will be described in 
greater detail. An RF magnetron sputtering apparatus is used ; which includes two deposition chambers of the same 

5 structure such that the substrate on which thin films are to be formed can be moved from one chamber to another 
without breaking the vacuum. A sinter target (composition molar ration: Pb:La:Ti=1 .12:0.08:1 .00) prepared by adding 
an about 20 mol% excess of PbO to stoichiometric lead lanthanum titanate (molar ratio: Pb:La:Ti=0. 92:0. 08:1 .00) is 
attached to one deposition chamber, and a sinter target prepared by adding a 5 mol% excess of lead oxide (PbO) to 
lead lanthanum zirconate titanate (PbZr 0 53 Ti 0 . 47 O 3 ) is attached to the other deposition chamber. Using this apparatus, 

10 the films of the orientation control layer 11 and the piezoelectric layer 3 are formed by sputtering on the silicon substrate 
1 , on which the first electrode layer 2 has been formed. 

[0121] First, in the deposition chamber to which the lead lanthanum titanate target is attached, the silicon substrate 
1 , on which the first electrode layer 2 has been formed, is kept at a temperature of 550°C, and a thin film made of lead 
lanthanum titanate containing an excessive amount of lead and having a perovskite crystalline structure in which the 
15 <001 > axis is oriented perpendicular to the surface thereof is formed to a thickness of 0.02 jim on the surface of the 
first electrode layer 2. The sputtering process is performed by applying a high-frequency power of 300 W for 1 0 minutes 
while using a mixed gas of argon and oxygen (gas volume ratio: Ar:0 2 =1 9:1 ) as a sputtering gas and keeping the total 
gas pressure at 0.3 Pa. 

[0122] Next, the silicon substrate 1, on which the orientation control layer 11 has been formed, is transferred into 
20 the other deposition chamber to which the lead lanthanum zirconate titanate target is attached without breaking the 
vacuum. Then, the piezoelectric layer 3 having a thickness of 2.50 jxm and whose composition can be represented as 
Pb 1 .oo( Zr o.53~ l "'o.47)°3 is f° rmed on tne orientation control layer 1 1 while keeping the temperature of the substrate 1 at 
500°C. The sputtering process is performed by applying a high-frequency power of 700 W for 50 minutes while using 
a mixed gas of argon and oxygen (gas volume ratio: Ar:0 2 =19:1) as a sputtering gas and keeping the total gas pressure 
25 at 0.3 Pa. 

[0123] As with the piezoelectric layer 3 of Embodiment 1 , the orientation control layer 11 is grown by using, as a 
nucleus, cobalt existing in a dotted pattern on one surface of the first electrode layer 2 that is closer to the orientation 
control layer 11, whereby it is likely to be oriented along the (100) or (001) plane over cobalt. Furthermore, by using 
lead lanthanum titanate for the orientation control layer 11, it is possible to easily and stably form a (100)- or (001)- 

30 oriented film at a relatively low temperature. The crystalline structure of lead lanthanum titanate is identical to that of 
PZT Therefore, when the piezoelectric layer 3 made of PZT is formed on the orientation control layer 11, a PZTfilm 
having a similar ion arrangement to that of lead lanthanum titanate grows directly on the surface of lead lanthanum 
titanate. Thus, the piezoelectric layer 3 is controlled by the orientation control layer 11 to be oriented along the (001) 
plane (since the (100) plane and the (001) plane are the same in a rhombohedral system, the rhombohedral (100) 

35 orientation is included herein), with the degree of (001) orientation (the degree of rhombohedral (100) orientation) being 
as high as 90% or more. 

[0124] Note that in the orientation control layer 1 1 , a region that is not oriented along the (1 00) or (001 ) plane may 
be present not only in the vicinity of the surface of the first electrode Iayer2 but also on the side closerto the piezoelectric 
layer 3. Even in such a case, if the thickness of the orientation control layer 1 1 is 0.01 fim or more, a (1 00)- or (001 )- 

40 oriented region extends across a major portion of the surface of the orientation control layer 11 that is closerto the 
piezoelectric layer 3, with the degree of (001) orientation of the piezoelectric layer 3 being as high as 90% or more. 
[01 25] FIG. 7 illustrates a variation of the piezoelectric element 20 of Embodiment 2 (note that the same components 
as those of FIG. 5 will be denoted by the same reference numerals and will not be further described below). The 
piezoelectric element of the present variation further includes an adhesive layer 14 between the silicon substrate 1 

45 and the first electrode layer 2. 

[0126] Thus, the piezoelectric element 20 of the present variation is similar in structure to that of Embodiment 2 
except for the provision of the adhesive layer 14. Note however that the material and the thickness of the first electrode 
layer 2 are different from those of Embodiment 2. In the present variation, the first electrode layer 2 is made of a 
platinum film having a thickness of 0. 1 5 u.m and containing 1 4 mol% of cobalt. 

50 [0127] The adhesive layer 14 is provided for improving the adhesion between the silicon substrate 1 and the first 
electrode layer 2. The adhesive layer 14 is made of titanium and has a thickness of 0.006 jam. Note that the material 
of the adhesive layer 14 is not limited to any particular material as long as it is at least one material selected from the 
group consisting of titanium, tantalum and molybdenum, and the thickness of the adhesive layer 14 is not limited to 
any particular thickness as long as it is in the range of 0.005 to 1 fim. 

55 [0128] A method for manufacturing the piezoelectric element will be described with reference to FIG. 8A to FIG. 8E. 
[0129] The adhesive layer 14 made of a titanium film having a thickness of 0.006 urn is formed, by an RF sputtering 
method, on the silicon substrate 1 having a size of 20 mm x 20 mm whose (001 ) plane has been polished, while using 
a stainless steel mask including therein rectangular openings having a width of 5.0 mm and a length of 1 8.0 mm. The 
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titanium film is formed through a sputtering process by applying a high-frequency power of 1 00 W for 2 minutes while 
keeping the temperature of the substrate 1 at 400°C in an argon gas as a sputtering gas whose gas pressure is kept 
at 1 Pa. Then, the first electrode layer 2 made of a platinum film containing 1 4 mol% of cobalt is formed as in Embodiment 
2 to a thickness of 0.15 urn on the adhesive layer 14 while using the same stainless steel mask (see FIG. 8A). 
5 [0130] Then, as in Embodiment 2, the orientation control layer 11 is formed on the first electrode layer 2, the piezo- 
electric layer 3 is formed on the orientation control layer 1 1 , and the second electrode layer 4 is formed on the piezo- 
electric layer 3, thereby obtaining the structure 21 in which the layered structure 10 is provided on the silicon substrate 
1 (see FIG. 8B). 

[0131] Next, as in Embodiment 2, the structure 21 is precisely cut by a dicing saw to obtain the piezoelectric element 
10 precursor 22 (see FIG.8C), and then one end of the silicon substrate 1 is bonded to the stainless steel support substrate 
5 (see FIG. 8D) . Then , the lead wires 7 and 8 are connected to the first and second electrode layers 2 and 4, respectively 
thus obtaining the piezoelectric element 20 (see FIG. 8E). 

[0132] Thus, by providing the adhesive layer 14 between the silicon substrate 1 and the first electrode layer 2, it is 
possible to improve the adhesion between the silicon substrate 1 and the first electrode layer 2, thereby preventing 
15 peeling off during the manufacture of the piezoelectric element 20, and also making peeling off less likely to occur 
while a voltage is applied between the first and second electrode layers 2 and 4. 
[0133] Now, specific examples of the present invention will be described. 

[0134] First, the same piezoelectric element as that of FIG. 5 was produced by the same manufacturing method as 
that described above as the piezoelectric element of Example 45. Note that during the production process, the films 
20 of the first electrode layer, the orientation control layer and the piezoelectric layer were subjected to a composition 
analysis, and the crystalline orientation degree of the piezoelectric layer was examined through an analysis by an X- 
ray diffraction method. 

[0135] A composition analysis of the first electrode layer (an iridium film) with an X-ray microanalyzer showed that 
the film was made of iridium containing 1 mol% of cobalt. Moreover, the composition of the orientation control layer 

25 (lead lanthanum titanate film) was analyzed with an X-ray photoelectron spectroscopy (XPS) apparatus while compar- 
ing the composition with that of the target. The analysis showed that the thin film had the same composition (molar 
ratio) of Pb:La:Ti=1 .12:0.08:1 .00 as that of the target. Furthermore, a composition analysis of the piezoelectric layer 
(a PZT film) with an X-ray microanalyzer showed that the cation composition ratio of the PZT film was Pb:Zr:Ti=1 .00: 
0.53:0.47 and thus the PZT film had a chemical composition that can be expressed as Pb(Zr 0 53 Ti 0 47 )O 3 . 

30 [0136] Moreover, an analysis with an X-ray diffraction method showed that the piezoelectric layer was a thin film 
having a perovskite crystalline structure and preferentially oriented along the (001 ) plane with a degree of (001 ) orien- 
tation of 99.5% (a thin film in which the <001> axis is oriented perpendicular to the surface thereof). 
[0137] Next, a triangular voltage of 0 V to -25 V was applied via lead wires between the first electrode layer and the 
second electrode layer of the piezoelectric element of Example 45 so as to measure the amount of displacement of 

35 the tip of the piezoelectric element vertically reciprocating in the Z axis direction in the coordinate system of FIG. 5. 
[0138] FIG. 9 illustrates the amount of displacement of the tip of the piezoelectric element in response to a voltage 
applied at a frequency of 50 Hz. As illustrated in FIG. 9, when a voltage of 0 V to -25 V was applied, the maximum 
amount of displacement of the tip of the piezoelectric element was 1 0.8 [am. 

[0139] Moreover, the presence/absence of crack in the piezoelectric layer was examined after the application of each 
40 of a triangular voltage of 0 V to -30 V, a triangular voltage of 0 V to -40 V and a triangular voltage of 0 V to -50 V (all 

of these triangular voltages were applied at a frequency of 50 Hz for 2 hours). As a result, no crack was observed. 

[0140] Three silicon substrates were prepared with the first electrode layer and the orientation control layer being 

formed thereon under the same conditions for the piezoelectric element of Example 45, and the same PZT films as 

that of the piezoelectric element of Example 45 were formed by using the three substrates. The three substrates were 
45 subjected to the sputtering process for 2, 5 and 20 minutes, respectively. The thicknesses of the obtained PZT films 

were 0.02 [irr\, 0.09 ^im and 0.40 firm, respectively. The degree of (001 ) orientation of each of the PZTfilms was examined 

by an X-ray diffraction method. 

[0141] As a result, the degrees of (001) orientation of the PZTfilms having the thicknesses of 0.02 jim, 0.09 jam and 
0.40 urn were 93%, 98% and 99%, respectively. This shows that the crystal orientation of the PZT film is such that the 
50 (001) orientation becomes more dominant as the film growth proceeds, starting from the surface of the orientation 
control layer. 

[0142] Next, piezoelectric elements of Example 46 to Example 56 whose first electrode layers and orientation control 
layers have different compositions and thicknesses were produced by changing the materials of the targets of the 
three-target RF magnetron sputtering apparatus and controlling the sputtering power and the sputtering time, while 
55 controlling the composition of the target of the sputtering apparatus and the sputtering time used for the deposition of 
the orientation control layers. Table 4 below shows the target material, the sputtering power and the sputtering time 
used for forming thefirst electrode layer, and the target material and the sputtering time used for forming the orientation 
control layer, for each of the piezoelectric elements. 
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[0143] As in Example 45, for each of the piezoelectric elements of Example 46 to Example 56 ; the thickness and 
the composition of the first electrode layer and the orientation control layer and the degree of (001) orientation of the 
piezoelectric layer were examined, and the amount of displacement (maximum amount of displacement) of the tip of 
the piezoelectric element in response to an applied triangular voltage of 0 V to -25 V was measured. Moreover, the 
presence/absence of crack in the piezoelectric layer was examined after the application of each of a triangular voltage 
of 0 V to -30 V, a triangular voltage of 0 V to -40 V and a triangular voltage of 0 V to -50 V (all of these triangular voltages 
were applied at a frequency of 50 Hz for 2 hours). The results are shown in Table 5 below. 
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[0144] It can be seen that the degree of (001) orientation of the piezoelectric layer of each example of the present 
invention is higher than that of Comparative Example 4 to be described later. Particularly, when the content of at least 
one metal selected from the group consisting of cobalt, nickel, iron, manganese and copper in the first electrode layer 
is 26 mol% or less, a degree of (001) orientation of 90% or more can reliably be obtained, and the maximum amount 
5 of displacement of the tip of the piezoelectric element can be large. 

[0145] Moreover, it can be seen that a piezoelectric element similar to that of Example 45, which uses a lead lan- 
thanum titanate, can be obtained even when an Mn-added lead lanthanum titanate film or an Mg-added lead lanthanum 
titanate film is used as the orientation control layer. 

[0146] Note that while a PZTfilm of the same composition was used as the piezoelectric layer for all the piezoelectric 
10 elements of Example 45 to Example 56, similar results were obtained with PZT films of different Ti/Zr molar ratios. 
Moreover, the piezoelectric layer may be an La-containing PZTfilm (PLZTfilm) or a PZT film containing ion of Nb, Mg, 
or the like, and a (001)-oriented film was obtained as in the piezoelectric elements of Example 45 to Example 56 as 
long as the film was an oxide film having a perovskite crystalline structure. Furthermore, a (001)-oriented film was 
obtained also when a strontium titanate film was used as the orientation control layer. 
15 [0147] Next, piezoelectric elements of Comparative Example 4 and Comparative Example 5 were produced as fol- 
lows. 

[0148] The piezoelectric element of Comparative Example 4 differs from those of the examples of the present inven- 
tion in that the iridium film of the first electrode layer does not contain a metal such as cobalt. Specifically, the first 
electrode layer is formed by a sputtering process for 16 minutes while setting the sputtering power to the first, cobalt 
20 target to 0 W and setting the sputtering power to the second, iridium target to 200 W. Thus, the piezoelectric element 
was produced as in Example 45 except that the first electrode layer was an iridium film having a thickness of 0.10 ujtl 
which is believed not to function as a crystal orientation control layer. 

[0149] The orientation control layer of the piezoelectric element of Comparative Example 4 was analyzed by an X- 
ray diffraction method, showing an X-ray diffraction pattern with high-intensity diffraction peaks for the (111) and (110) 
25 planes other than the (100) plane and the (001) plane, indicating that it was not a (100)- or (001)-oriented thin film. 
The degree of (001) orientation of the piezoelectric layer in the piezoelectric element of Comparative Example 4 was 
examined by an X-ray diffraction method to be 65%. It is believed that the orientation of the PZT film on the orientation 
control layer was poor due to the poor crystal orientation of the orientation control layer. 

[0150] Moreover, the amount of displacement of the tip of the piezoelectric element of Comparative Example 1 in 
30 response to an applied triangular voltage was measured, indicating that the maximum amount of displacement was 
7.7 jam. 

[0151] Next, a piezoelectric element similar to that of Example 45 except that the orientation control layer was absent 
was produced. The piezoelectric element was identical to that of Example 45 except that the piezoelectric element 
was not provided with the orientation control layer. Specifically, as the piezoelectric layer, a PZTfilm having a thickness 
35 of 2.50 (im was formed through a sputtering process by applying a high-frequency power of 700 W for 50 minutes while 
heating the substrate to a temperature of 500°C in a mixed gas of argon and oxygen (gas volume ratio: Ar:0 2 =19:1) 
as a sputtering gas whose total gas pressure was kept at 0.3 Pa. 

[0152] However, an X-ray diffraction analysis of the piezoelectric layer showed that the piezoelectric layer was not 
a PZTfilm having a perovskite crystalline structure and exhibiting intended piezoelectric characteristics, but was an 
40 oxide film (thickness: 3.5 ^im) of a pyrochlore crystal phase made of lead, titanium and zircon, which does not exhibit 
piezoelectric characteristics and which can typically be formed at lower temperatures. Thus, it was found that in the 
absence of the orientation control layer, it is not possible, at a temperature of 500°C, to form a piezoelectric layer made 
of a PZTfilm having a perovskite crystalline structure. 

[0153] In view of this, a piezoelectric element of Comparative Example 5 in which the orientation control layer was 

45 absent was produced while forming the piezoelectric layer at a temperature of 600°C. 

[0154] In the piezoelectric element of Comparative Example 5, the degree of (001) orientation was as good as 100%, 
and the amount of displacement (maximum amount of displacement) of the tip of the piezoelectric element in response 
to an applied triangular voltage of 0 V to -25 V was 12.5 jim. However, when the piezoelectric element was driven by 
applying a triangular voltage of 0 to -40 V, a minute crack appeared on the film surface, and the film broke due to 

50 peeling off after 40 minutes from the start of the driving of the piezoelectric element. It is believed that the break of the 
film occurred for the following reason. Since the piezoelectric layer was formed at a temperature of 600°C, 100°C 
higher than that used when the orientation control layer is provided, the PZT film was brought under a greater tensile 
stress, due to the difference between the thermal expansion coefficient of the silicon substrate and that of the PZT 
film, during the step of cooling the structure to a room temperature following the formation of the PZTfilm. Moreover. 

55 when the piezoelectric element was driven, the PZTfilm was contracted, and these stresses together caused the break 
of the film. 

[0155] Next, as a piezoelectric element of Example 57, the same piezoelectric element as that of FIG. 7 was produced 
by the same manufacturing method as that described above. Moreover, piezoelectric elements of Example 58 to Ex- 
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ample 64 whose first electrode layers, orientation control layers and adhesive layers have different compositions and 
thicknesses were produced by changing the materials of the targets of the three-target RF magnetron sputtering ap- 
paratus and controlling the sputtering power and the sputtering time, while controlling the composition of the target of 
the sputtering apparatus and the sputtering time used for the deposition of the orientation control layers, and controlling 
5 the composition of the target of the sputtering apparatus and the sputtering time used for the deposition of the adhesive 
layers. Table 6 below shows the target material, the sputtering power and the sputtering time used for forming the first 
electrode layer, and the target material and the sputtering time used for forming the orientation control layer and the 
adhesive layer, for each of the piezoelectric elements, together with those of Example 57. 

[0156] The piezoelectric elements of Example 57 to Example 64 were evaluated as Example 45 to Example 56. The 
10 results are shown in Table 7 below. 
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[0157] It can be seen that even when the adhesive layer is provided between the substrate and the first electrode 
layer, if the content of at least one metal selected from the group consisting of cobalt, nickel, iron, manganese and 
copper in the first electrode layer is 26 mol% or less, a degree of (001) orientation of 90% or more can be obtained, 
and the maximum amount of displacement of the tip of the piezoelectric element can be large. 
5 [01 58] Moreover, it can be seen that a piezoelectric element having desirable characteristics similar to that of Example 
57, which uses a lead lanthanum titanate. can be obtained even when an Mn-added lead lanthanum titanate film or 
an Mg-added lead lanthanum titanate film is used as the orientation control layer. 

[0159] Furthermore, it can be seen that a piezoelectric element similar to that of Example 57 can be obtained even 
when tantalum or molybdenum is used instead of titanium as the material of the adhesive layer. 

10 [0160] Note that while a PZT film of the same composition was used as the piezoelectric layer for all the piezoelectric 
elements of Example 57 to Example 64, similar results were obtained with PZT films of different Ti/Zr molar ratios. 
Moreover, the piezoelectric layer may be an La-containing PZT film (PLZTfilm) or a PZT film containing ion of Nb, Mg, 
or the like, and a (001)-oriented film was obtained as in the piezoelectric elements of Example 57 to Example 64 as 
long as the film was an oxide film having a perovskite crystalline structure. Furthermore, a (001)-oriented film was 

15 obtained also when a strontium titanate film was used as the orientation control layer. 

[0161] Next, a piezoelectric element of Example 65 having the same shape as that of Example 45 was produced by 
the same method as that of Example 45 by using a substrate of a flat strip shape having a length of 15.0 mm and a 
width of 3.0 mm and made of a borosilicate glass (#7089, thermal expansion coefficient: 45x1 0 _7 /°C) having a thickness 
of 0.30 mm as a substrate, instead of using a silicon substrate (having a flat strip shape having a length of 15.0 mm, 

20 a thickness of 0.30 mm and a width of 3.0 mm). 

[0162] Moreover, using the same substrate as that of Example 65, a piezoelectric element of Example 66 was pro- 
duced as in Example 46, a piezoelectric element of Example 67 was produced as in Example 47, a piezoelectric 
element of Example 68 was produced as in Example 48, a piezoelectric element of Example 69 was produced as in 
Example 50, a piezoelectric element of Example 70 was produced as in Example 51 , a piezoelectric element of Example 

25 71 was produced as in Example 53, a piezoelectric element of Example 72 was produced as in Example 54, a piezo- 
electric element of Example 73 was produced as in Example 55, and a piezoelectric element of Comparative Example 
6 was produced as in Comparative Example 4 where the first electrode layer was made only of iridium. 
[0163] Each of the piezoelectric elements of Example 65 to Example 73 and Comparative Example 6 produced by 
using a borosilicate glass substrate as described above was evaluated as in Example 45 to Example 56. The results 

30 are shown in Table 8 below. 
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[0164] It can be seen that even when the substrate is made of a glass different from silicon, the piezoelectric element 
of the present invention has a piezoelectric layer having a high degree of (001) orientation, whereby it is possible to 
realize a high degree of piezoelectric displacement. Moreover, it was found that although the amount of displacement 
in response to an applied voltage varies depending on the hardness of the substrate material, it is possible to realize 

5 stable displacement characteristics. 

[0165] Note that while a piezoelectric element similar to that of Example 65 except that the orientation control layer 
was absent was produced, an X-ray diffraction analysis of the piezoelectric layer showed that the piezoelectric layer 
was not a PZT film having a perovskite crystalline structure and exhibiting intended piezoelectric characteristics, but 
was an oxide film (thickness: 3.5 ^i,m) of a pyrochlore crystalline structure made of lead, titanium and zircon, which 

10 does not exhibit piezoelectric characteristics and which can typically be formed at lower temperatures. Thus, it was 
found that also when the substrate is made of a glass, in the absence of the orientation control layer, it is not possible, 
at a temperature of 500°C, to form a piezoelectric layer made of a PZT film having a perovskite crystalline structure. 

EMBODIMENT 3 

15 

[0166] Next, an ink jet head using the layered structure of the piezoelectric element of the present invention will be 
described. 

[0167] FIG. 1 0 is a schematic diagram illustrating an inkjet head according to an embodiment of the present invention. 
As illustrated in FIG. 10, an ink jet head 201 of the present embodiment includes a plurality of (10 in FIG. 10) ink 
20 discharging elements 202 of the same shape arranged in a row, and a driving power supply element 203 such as an 
IC chip for driving the ink discharging elements 202. 

[0168] FIG. 11 is a partially-cutaway perspective view illustrating the structure of one ink discharging element 202. 
In FIG. 11, the reference character A denotes a pressure chamber member made of a glass, and a pressure chamber 
cavity 31 is formed in the pressure chamber member A. The reference character B denotes an actuator section placed 

25 so as to cover the upper opening (having an elliptical shape whose minor axis is 200 |xm long and whose major axis 
is 400 jim long) of the pressure chamber cavity 31, and the reference character C denotes an ink channel member 
placed so as to cover the lower opening of the pressure chamber cavity 31 . Thus, the pressure chamber cavity 31 of 
the pressure chamber member A is defined by the actuator section B and the ink channel member C, placed on and 
under the pressure chamber member A, respectively, thereby forming a pressure chamber 32 (depth: 0.2 mm). 

30 [0169] The actuator section B includes a first electrode layer 33 (separate electrode) above each pressure chamber 
32. The position of the first electrode layer 33 generally corresponds to that of the pressure chamber 32. Moreover 
the ink channel member C includes a common ink chamber 35 shared by the pressure chambers 32 of a number of 
ink discharging elements 202 arranged in the ink supply direction, a supply port 36 via which the common ink chamber 
35 is communicated to the pressure chamber 32 so that ink in the common ink chamber 35 is supplied into the pressure 

35 chamber 32, and an ink channel 37 through which ink in the pressure chamber 32 is discharged. Furthermore, the 
reference character D denotes a nozzle plate. The nozzle plate D includes nozzle holes 38 (diameter: 30 Lim) each of 
which is communicated to the ink channel 37. The pressure chamber member A, the actuator section B, the ink channel 
member C and the nozzle plate D are bonded together by an adhesive, thus forming the ink discharging element 202. 
[0170] In the present embodiment, the pressure chamber member A, the actuator section B (except for the first 

40 electrode layer 33 and a piezoelectric layer 41 (see FIG. 12)), the ink channel member C and the nozzle plate D are 
formed as an integral member across all the ink discharging elements 202, and each ink discharging element 202 is 
defined as a portion of the integral member including one pressure chamber 32, and the nozzle hole 38, the first 
electrode layer 33 and the piezoelectric layer 41 that correspond to the pressure chamber 32. Note that the ink dis- 
charging elements 202 may alternatively be formed separately and then attached together. Moreover, it is not necessary 

45 that the ink jet head 201 is formed by a plurality of ink discharging elements 202, but may alternatively be formed by 
a single ink discharging element 202. 

[0171] The driving power supply element 203 is connected to the first electrode layers 33 of the actuator sections B 
of a plurality of ink discharging elements 202 via bonding wires, so that a voltage is supplied to each first electrode 
layer 33 from the driving power supply element 203. 

50 [0172] Next, the structure of the actuator section B will be described with reference to FIG. 12. FIG. 12 is a cross- 
sectional view, taken along line XI l-XI I of FIG. 11, illustrating the actuator section B of the ink discharging element 202 
illustrated in FIG. 11. As illustrated in FIG. 12, the actuator section B includes the first electrode layers 33 each located 
above one pressure chamber 32 so that the position of the first electrode layer 33 generally corresponds to that of the 
pressure chamber 32, the piezoelectric layer 41 provided on (under, as shown in the figure) each first electrode layer 

55 33, a second electrode layer 42 (common electrode) provided on (under) the piezoelectric layer 41 and shared by all 
the piezoelectric layers 41 (all the ink discharging elements 202), and a vibration layer 43 provided on (under) the 
second electrode layer 42 across the entire surface thereof, which is displaced and vibrates in the thickness direction 
by the piezoelectric effect of the piezoelectric layer 41. As is the second electrode layer 42, the vibration layer 43 is 
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also shared by the pressure chambers 32 of all the ink discharging elements 202 (i.e., formed as an integral member 
across all the ink discharging elements 202). 

[0173] The first electrode layer 33, the piezoelectric layer 41 and the second electrode layer 42 are arranged in this 
order to form a piezoelectric element. Moreover, the vibration layer 43 is provided on one surface of the piezoelectric 

5 element that is closer to the second electrode layer 42. 

[0174] As in Embodiment 1 , the first electrode layer 33 is made of an iridium (Ir) film having a thickness of 0.1 0 u.m 
and containing 6 mol% of cobalt (Co), and forms an electrode/crystal orientation control layer that has a function of 
controlling the crystal orientation of the piezoelectric layer 41 , in addition to the function as an electrode. 
[0175] As in Embodiment 1 , the piezoelectric layer 41 is made of a rhombohedral or tetragonal perovskite oxide that 

10 is preferentially oriented along a (001) plane, and is again a PZT film having a thickness of 2.50 ^im and having a 
chemical composition that can be expressed as Pb(Zr 0 53 Ti 0 4 7 )O 3 . 

[0176] As in Embodiment 1 , the second electrode layer 42 is made of a platinum thin film (note however that the 
thickness thereof is 0.1 0 jam). 

[0177] The vibration layer 43 is made of a chromium (Cr) film having a thickness of 3.5 (im. Note that the material 
15 of the vibration layer 43 is not limited to Cr, but may alternatively be nickel, aluminum, tantalum, tungsten, silicon, an 

oxide or nitride thereof (e.g., silicon dioxide, aluminum oxide, zirconium oxide, silicon nitride), or the like. Moreover. 

the thickness of the vibration layer 43 is not limited to any particular thickness as long as it is in the range of 2 to 5 ujti. 

[0178] On the second electrode layer 42, an electrically insulative organic film 44 made of a polyimide resin is provided 

so as to surround the layered structure of the first electrode layer 33 and the piezoelectric layer 41 and so that the 
20 upper surface thereof isf lush with the upper surface of thefirst electrode Iayer33. On the upper surface of the electrically 

insulative organic film 44, an extraction electrode film 45 made of a gold thin film (thickness: 0.10 ujn) having a lead 

wire shape extends from the first electrode layer 33. 

[0179] Next, a method for manufacturing the ink jet head 201 will be described with Reference to FIG. 13Ato FIG. 131. 
[0180] First, as illustrated in FIG. 13A, thefirst electrode layer 33. the piezoelectric layer 41 and the second electrode 
25 layer 42 are deposited in this order on a silicon substrate 51 having a length of 20 mm, a width of 20 mm and a thickness 
of 0.3 mm, thereby obtaining a structure 54, as in Embodiment 1 . Note that an adhesive layer made of at least one 
material selected from the group consisting of titanium, tantalum and molybdenum may be formed between the silicon 
substrate 51 and the first electrode layer 33, as in Embodiment 1 . 

[0181] Then, as illustrated in FIG. 13B, the vibration layer 43 made of a chromium (Cr) film (thickness: 3.5 urn) is 
30 formed on the second electrode layer 42 of the structure 54 by an RF sputtering method at a room temperature. 

[0182] Next, as illustrated in FIG. 13C, the structure 54, on which the vibration layer 43 has been formed, is bonded 

to the pressure chamber member A by using an adhesive (acrylic resin) 55. In this process, the pressure chamber 

member A, in which the pressure chamber cavity 31 has been formed in advance, is bonded on one surface of the 

vibration layer 43 that is away from the second electrode layer 42. 
35 [0183] Then, as illustrated in FIG. 13D, the silicon substrate 51 is removed by dry etching with an SF 6 gas using a 

plasma reactive etching apparatus. Note that in a case where an adhesive layer is formed between the silicon substrate 

51 and the first electrode layer 33, the adhesive layer is also removed. 

[0184] Then, as illustrated in FIG. 13E, a photoresist resin film 57 is applied on a portion of the surface of the first 
electrode layer 33 that is not to be etched, in preparation for patterning the layered structure of the first electrode layer 
40 33 and the piezoelectric layer 41 into an elliptical pattern (an elliptical shape whose minor axis is 180 jam long and 
whose major axis is 380 jim long). 

[0185] Then, as illustrated in FIG. 13F, the first electrode layer 33 and the piezoelectric layer 41 are patterned into 
individual portions by etching with dilute hydrogen fluoride. Then, as illustrated in FIG. 13G, the photoresist resin film 
57 is removed by using a resist stripper solution. 

45 [0186] Then, as illustrated in FIG. 13H, the electrically insulative organic film 44 made of a polyimide resin is formed 
by a printing method on a portion of the second electrode layer 42 that has been exposed through the patterning 
process described above. Then, as illustrated in FIG. 131, the extraction electrode film 45 made of a gold thin film 
having a lead wire shape is formed by a DC sputtering method on the upper surface of the electrically insulative organic 
film 44, thus obtaining the actuator section B. 

50 [0187] On the other hand, although not shown in the figure, the ink channel member C, in which the common ink 
chamber 35, the supply port 36 and the ink channel 37 have been formed in advance, and the nozzle plate D, in which 
the nozzle hole 38 has been formed in advance, are bonded to each other by using an adhesive. Then, the pressure 
chamber member A, which has been bonded to the actuator section B ; and the ink channel member C, to which the 
nozzle plate D has been bonded, are aligned with each other and then bonded together by using an adhesive. Thus, 

55 the ink jet head 201 is obtained. 

[01 88] Note that if the first electrode layer 33, the piezoelectric layer 41 and the second electrode layer 42 are formed 
by using any of the materials set forth in Embodiment 1 , it is possible to produce the actuator section B having desirable 
characteristics. Moreover, the thickness of each of these layers is not limited to any particular thickness as long as it 
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is in the range set forth in Embodiment 1 . 

[0189] In the ink jet head 201 having such a structure as described above, a voltage is supplied to each of the first 
electrode layers 33 of the plurality of ink discharging elements 202 from the driving power supply element 203 via a 
bonding wire, and the vibration layer 43 bonded to the second electrode layer 42 (common electrode) is displaced and 

5 vibrates by the piezoelectric effect of the piezoelectric layer 41 , whereby ink in the common inkchamber35 is discharged 
through the nozzle hole 38 via the supply port 36, the pressure chamber 32 and the ink channel 37. In the ink jet head 
201 , the piezoelectric layer 41 , which forms the actuator section B of the ink discharging element 202, has a uniform 
crystal orientation along the (001) plane and has high and uniform piezoelectric displacement characteristics, whereby 
a large piezoelectric displacement (amount of displacement) can be obtained with little deviation in the piezoelectric 

10 displacement characteristics among the plurality of ink discharging elements 202. Since a large piezoelectric displace- 
ment can be obtained, the ink-discharge performance is high, and it is possible to provide a large margin with which 
to adjust the power supply voltage, whereby it is possible to easily make an adjustment so as to suppress the deviation 
in the ink discharge among the plurality of ink discharging elements 202. 

[0190] The ink jet head 201 including 250 ink discharging elements 202 of the same shape was actually produced 
15 by the manufacturing method as described above, and a sine-wave voltage (200 Hz) of 0 V to -10 V was applied 
between the two electrode layers 33 and 42 interposing the piezoelectric layer 41 therebetween so as to measure the 
deviation in the vibration amplitude of the vibration layer 43 in the thickness direction, indicating that the deviation was 
as small as g=1 .5%. 

20 EMBODIMENT 4 

[0191] FIG. 14 illustrates the actuator section B of the ink discharging element 202 in another ink jet head 201 
according to an embodiment of the present invention (note that the same components as those of FIG. 12 will be 
denoted by the same reference numerals and will not be further described below). The piezoelectric element of the 
25 present embodiment is similar to that illustrated in FIG. 1 2 (Embodiment 3) except that it further includes an orientation 
control layer 46 between the first electrode layer 33 and the piezoelectric layer 41 as in Embodiment 2. Other than 
this, the structure is similar to that illustrated in FIG. 12. 

[0192] Specifically, in the present embodiment, the actuator section B includes the first electrode layers 33 each 
located above one pressure chamber 32 so that the position of the first electrode layer 33 generally corresponds to 

30 that of the pressure chamber 32, the orientation control layer 46 provided on (under, as shown in FIG. 14) each first 
electrode layer 33, the piezoelectric layer 41 provided on (under) the orientation control layer 46, the second electrode 
layer 42 provided on (under) the piezoelectric layer 41, and the vibration layer 43 provided on (under) the second 
electrode layer 42 across the entire surface thereof, which is displaced and vibrates in the thickness direction by the 
piezoelectric effect of the piezoelectric layer 41 . 

35 [01 93] The first electrode layer 33, the orientation control layer 46, the piezoelectric layer 41 and the second electrode 
layer 42 are arranged in this order to form a piezoelectric element. Moreover, the vibration layer 43 is provided on one 
surface of the piezoelectric element that is closer to the second electrode layer 42. 

[0194] As in Embodiment 2, the first electrode layer 33 is made of an iridium (Ir) film having a thickness of 0.22 jam 
and containing 1 mol% of cobalt (Co), and forms an electrode/crystal orientation control layer that has a function of 
40 controlling the crystal orientation of the piezoelectric layer 41 , in addition to the function as an electrode. 

[0195] As in Embodiment 2, the orientation control layer 46 is made of a cubic or tetragonal perovskite oxide that is 
preferentially oriented along a (100) or (001) plane, and is again a lead lanthanum titanate film (composition ratio: Pb: 
La:Ti=1. 12:0. 08:1. 00) having a thickness of 0.02 urn. 

[0196] As in Embodiment 2, the piezoelectric layer 41 is made of a rhombohedral or tetragonal perovskite oxide that 
45 is preferentially oriented along a (001) plane, and is again a PZT film having a thickness of 2.50 u.m and having a 
chemical composition that can be expressed as Pb(Zr 0 5 3Ti 047 )O 3 . 

[0197] As in Embodiment 2, the second electrode layer 42 is made of a platinum thin film (note however that the 
thickness thereof is 0.10 |im). 

[0198] As in Embodiment 3, the vibration layer 43 is made of a chromium film having a thickness of 3.5 jjjti. 

50 [0199] On the second electrode layer 42, the electrically insulative organic film 44 made of a polyimide resin is 
provided so as to surround the layered structure of the first electrode layer 33 and the piezoelectric layer 41 and so 
that the upper surface thereof is flush with the upper surface of the first electrode layer 33. On the upper surface of 
the electrically insulative organic film 44, the extraction electrode film 45 made of a gold thin film (thickness: 0.10 Lirn) 
having a lead wire shape extends from the first electrode layer 33. 

55 [0200] Next, a method for manufacturing the inkjet head 201 will be described with reference to FIG. 15A to FIG. 151. 
[0201] First, the first electrode layer 33, the orientation control layer 46, the piezoelectric layer 41 and the second 
electrode layer 42 are deposited in this order on the silicon substrate 51 having a length of 20 mm, a width of 20 mm 
and a thickness of 0.3 mm, thereby obtaining the structure 54, as in Embodiment 2 (or 3) (see FIG. 15A). Note that an 



31 



EP 1 376 711 A2 



adhesive layer made of at least one material selected from the group consisting of titanium, tantalum and molybdenum 
may be formed between the silicon substrate 51 and the first electrode layer 33, as in Embodiment 3. 
[0202] Then, as in Embodiment 3, the vibration layer 43 made of a chromium film (thickness: 3.5 (xm) is formed on 
the second electrode layer 42 of the structure 54 by an RF sputtering method at a room temperature (see FIG. 15B), 
5 and then the structure 54, on which the vibration layer 43 has been formed, is bonded to the pressure chamber member 
A by using the adhesive 55 (see FIG. 15C). 

[0203] Then, as in Embodiment 3. the silicon substrate 51 is removed by dry etching (see FIG. 15D). Note that in a 
case where an adhesive layer is formed between the silicon substrate 51 and the first electrode layer 33. the adhesive 
layer is also removed. 

10 [0204] Then, as in Embodiment 3, the photoresist resin film 57 is applied on a portion of the surface of the first 
electrode layer 33 that is not to be etched, in preparation for patterning the layered structure of the first electrode layer 
33, the orientation control layer 46 and the piezoelectric layer 41 (see FIG. 15E). Then, an etching process is performed 
to pattern the first electrode layer 33, the orientation control layer 46 and the piezoelectric layer 41 into individual 
portions (see FIG. 15F). Then, the photoresist resin film 57 is removed by using a resist stripper solution (see FIG. 15G). 

15 [0205] Then, as in Embodiment 3, the electrically insulative organic film 44 is formed on a portion of the second 
electrode layer 42 that has been exposed through the patterning process described above (see FIG. 15H), and the 
extraction electrode film 45 is formed on the upper surface of the electrically insulative organic film 44 (see FIG. 151), 
thus obtaining the actuator section B. 

[0206] On the other hand, as in Embodiment 3, the ink channel member C, in which the common ink chamber 35, 
20 the supply port 36 and the ink channel 37 have been formed in advance, and the nozzle plate D, in which the nozzle 
hole 38 has been formed in advance, are bonded to each other by using an adhesive. Then, the pressure chamber 
member A, which has been bonded to the actuator section B, and the ink channel member C, to which the nozzle plate 
D has been bonded, are aligned with each other and then bonded together by using an adhesive. Thus, the ink jet 
head 201 is obtained. 

25 [0207] Note that the first electrode layer 33, the orientation control layer 46, the piezoelectric layer 41 and the second 
electrode layer 42 may be formed by using any of the materials set forth in Embodiment 2, and the vibration layer 43 
may be formed by using any of the materials set forth in Embodiments. Moreover, the thickness of each of these layers 
is not limited to any particular thickness as long as it is in the range set forth in Embodiments 2 and 3. 
[0208] Also in the ink jet head 201 having such a structure as described above, as in Embodiments, the piezoelectric 

30 layer 41 . which forms the actuator section B, has a uniform crystal orientation along the (001 ) plane and has high and 
uniform piezoelectric displacement characteristics, whereby a large piezoelectric displacement (amount of displace- 
ment) can be obtained with little deviation in the piezoelectric displacement characteristics among the plurality of ink 
discharging elements 202. Since a large piezoelectric displacement can be obtained, the ink-discharge performance 
is high, and it is possible to provide a large margin with which to adjust the power supply voltage, whereby it is possible 

35 to easily make an adjustment so as to reduce the deviation in the ink discharge among the plurality of ink discharging 
elements 202. 

[0209] The ink jet head 201 including 250 ink discharging elements 202 of the same shape was actually produced 
by the manufacturing method as described above so as to measure the deviation in the vibration amplitude of the 
vibration layer 43 in the thickness direction, as in Embodiments, indicating that the deviation was as small as a=1 .2%. 

40 

EMBODIMENT 5 

[0210] FIG. 16 illustrates the actuator section B of the ink discharging element 202 in still another ink jet head 201 
according to an embodiment of the present invention. In the present embodiment, the substrate used for forming layered 

45 films (referred to as "pressure chamber substrate 70" in the present embodiment and in Embodiment 6 to follow) is 
etched to form the pressure chamber cavity 71, thereby obtaining a pressure chamber member similar to those of 
Embodiments 3 and 4. Thus, the present embodiment differs from Embodiments 3 and 4 in that the pressure chamber 
substrate 70 (the pressure chamber member) and the actuator section B are provided as an integral member. 
[0211] The ink discharging element 202 having a similar shape as that of FIG. 11 can be obtained by bonding an 

50 ink channel member and a nozzle plate similar to those of Embodiments 3 and 4 to the integral member including the 
pressure chamber substrate 70 and the actuator section B. 

[0212] Specifically, in the present embodiment, a vibration layer 65 made of an amorphous aluminum oxide and 
having a thickness of 2.50 jim is provided on the pressure chamber substrate 70, in which the pressure chamber cavity 
71 has been formed, a first electrode layer 61 (common electrode) made of a cobalt-containing iridium film (thickness: 
55 0.10 jim) is provided on the vibration layer 65, a piezoelectric layer 62 made of a PZT thin film (thickness: 2.50 jim) is 
provided on the first electrode layer 61 , and a second electrode layer 63 (separate electrode) made of a platinum thin 
film (thickness: 0.10 jam) that has been formed through a separation process into an elliptical shape similar to that of 
the first electrode layer 33 of Embodiments 3 and 4 is provided on the piezoelectric layer 62. The first electrode layer 
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61, the piezoelectric layer 62 and the second electrode layer 63 are arranged in this order to form a piezoelectric 
element. Moreover, the vibration layer 65 is provided on one surface of the piezoelectric element that is closer to the 
first electrode layer 61 . Note that an adhesive layer for improving the adhesion between the vibration layer 65 and the 
first electrode layer 61 may be provided between the vibration layer 65 and the first electrode layer 61. Again, the 
5 adhesive layer may be made of at least one material selected from the group consisting of titanium, tantalum and 
molybdenum. 

[021 3] The piezoelectric layer 62 and the second electrode layer 63 are formed through a separation process so that 
they are present only above a portion of the pressure chamber substrate 70 where the pressure chamber cavity 71 is 
formed (i.e., a portion where silicon has been removed) via the vibration layer 65 and the first electrode layer 61 , and 
10 a portion of the upper surface of the first electrode layer 61 surrounding the piezoelectric layer 62 and the second 
electrode layer 63 is covered by an electrically insulative organic film 64 made of a polyimide resin as in Embodiments 
3 and 4. Moreover, an extraction electrode film 75 made of a gold thin film (thickness: 0.1 jam) is provided on the second 
electrode layer 63, which has been formed through a separation process. 

[0214] Next, a method for manufacturing the ink jet head will be described with reference to FIG.17Ato FIG. 17H. 
15 [0215] As illustrated in FIG. 17A, the vibration layer 65, the first electrode layer 61, the piezoelectric layer 62 and 
the second electrode layer 63 are deposited in this order on the surface of the pressure chamber substrate 70 having 
a thickness of 0.3 mm and made of silicon by a sputtering method. 

[0216] The vibration layer 65 can be obtained as follows. Using an RF magnetron sputtering apparatus, an aluminum 
oxide target is sputtered for 3 hours with a sputtering power of 700 W while keeping the substrate temperature at400°C 
20 in a mixed gas of argon and oxygen (Ar:0 2 = 1 4: 1 ) as a sputtering gas whose gas pressu re was kept at 0.2 Pa. Moreover 
the first electrode layer 61 , the piezoelectric layer 62 and the second electrode layer 63 can be obtained in a manner 
similar to that described in Embodiment 1 . 

[0217] Then, as illustrated in FIG. 17B, a photoresist resin film 66 is applied in a predetermined pattern on one 
surface of the pressure chamber substrate 70 that is away from the layered structure formed thereon as described 
25 above, in preparation for the formation of the pressure chamber cavity 71 (having an elliptical shape whose minor axis 
is 200 [irr\ long and whose major axis is 400 \xm long). 

[0218] Then, as illustrated in FIG. 17C, the pressure chamber cavity 71 is formed in the pressure chamber substrate 
70 by dry etching with an SF 6 gas using a plasma reactive etching apparatus. 

[0219] Next, as illustrated in FIG. 17D, the photoresist resin film 66 is removed. Then, as illustrated in FIG. 17E, a 
30 photoresist resin film 67 is formed in an elliptical pattern (an elliptical shape whose minor axis is 180 jam long and 
whose major axis is 380 jim long) on the second electrode layer 63 (at a position corresponding to the position of the 
pressure chamber cavity 71). 

[0220] Then, as illustrated in FIG. 17F, a layered structure of the piezoelectric layer 62 and the second electrode 
layer 63 is obtained through a separation process into an elliptical pattern of the same shape as that of the photoresist 
35 resin film 67 by dry etching with a mixed gas of an argon gas and a CF 4 gas using a parallel-plate plasma reactive 
etching apparatus. In this dry etching process, the first electrode layer 61 can be used as an etching stop layer since 
the etching rate thereof is lower than those of the other layers. 

[0221] Then, as illustrated in FIG. 17G, the photoresist resin film 67 having an elliptical shape is removed, and a 
polyimide resin film is formed by a printing method so as to surround the separated layered structure, after which the 

40 film is cured at 1 80°C, thus forming the electrically insulative organic film 64 made of a polyimide resin. 

[0222] Next, as illustrated in FIG. 17H, the extraction electrode 75 made of a gold thin film (thickness: 0.1 jim) is 
formed by a sputtering method on the electrically insulative organic film 64 so as to partially overlap with the second 
electrode layer 63, thus obtaining the actuator section B integrated with the pressure chamber substrate 70. 
[0223] Then , an ink channel member and a nozzle plate are bonded to the pressure chamber substrate 70 (pressure 

45 chamber member) as in Embodiments 3 and 4, thus obtaining the ink jet head 201 . 

[0224] Also in the present embodiment, as in Embodiment 3, the piezoelectric layer 62 has a uniform crystal orien- 
tation along the (001) plane, whereby a large piezoelectric displacement (amount of displacement) can be obtained 
with little deviation in the piezoelectric displacement characteristics among the plurality of ink discharging elements 202. 
[0225] Note that the first electrode layer 61, the piezoelectric layer 62 and the second electrode layer 63 may be 

50 formed by using any of the materials set forth in Embodiment 1 , and the vibration layer 65 may be formed by using 
any of the materials set forth in Embodiment 3. Moreover, the thickness of each of these layers is not limited to any 
particular thickness as long as it is in the range set forth in Embodiments 1 and 3. 

[0226] The ink jet head 201 including 150 ink discharging elements 202 of the same shape was actually produced 
by the manufacturing method as described above so as to measure the deviation in the vibration amplitude of the 
55 vibration layer 65 in the thickness direction, as in Embodiments, indicating that the deviation was as small as a=2.0%. 
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EMBODIMENT 6 

[0227] FIG. 1 8 illustrates the actuator section B of the ink discharging element 202 in still another ink jet head 201 
according to an embodiment of the present invention (note that the same components as those of FIG. 16 will be 
5 denoted by the same reference numerals and will not be further described below). The piezoelectric element of the 
present embodiment is similar to that illustrated in FIG. 16 (Embodiments) except that it further includes an orientation 
control layer 69 between the first electrode layer 61 and the piezoelectric layer 62 as in Embodiments 2 and 4. Other 
than this, the structure is similar to that illustrated in FIG. 16. 

[0228] Specifically, in the present embodiment, the vibration layer 65 is provided on the pressure chamber substrate 
10 70, in which the pressure chamber cavity 71 has been formed, the first electrode layer 61 is provided on the vibration 
layer 65, the orientation control layer 69 is provided on the first electrode layer 61 , the piezoelectric layer 62 is provided 
on the orientation control layer 69, and the second electrode layer 63 is provided on the piezoelectric layer 62. The 
first electrode layer 61, the orientation control layer 69, the piezoelectric layer 62 and the second electrode layer 63 
are arranged in this order to form a piezoelectric element. Moreover, the vibration layer 65 is provided on one surface 
15 of the piezoelectric element that is closer to the first electrode layer 61 . Note that an adhesive layer for improving the 
adhesion between the vibration layer 65 and the first electrode layer 61 may be provided between the vibration layer 
65 and the first electrode layer 61 . Again, the adhesive layer may be made of at least one material selected from the 
group consisting of titanium, tantalum and molybdenum. 

[0229] As the piezoelectric layer 62 and the second electrode layer 63, the orientation control layer 69 is also formed 
20 through a separation process so that it is present only above a portion of the pressure chamber substrate 70 where 
the pressure chamber cavity 71 is formed. 

[0230] Next, a method for manufacturing the ink jet head will be described with reference to FIG.19Ato FIG. 19H. 
[0231] As in Embodiment 2 (or 5), the vibration layer 65, the first electrode layer 61 , the orientation control layer 69. 
the piezoelectric layer 62 and the second electrode layer 63 are deposited in this order on the surface of the pressure 
25 chamber substrate 70 having a thickness of 0.3 mm and made of silicon by a sputtering method (see FIG. 19A). 

[0232] The vibration layer 65 can be obtained in a manner similar to that described in Embodiment 5. Moreover, the 
first electrode layer 61, the orientation control layer 69, the piezoelectric layer 62 and the second electrode layer 63 
can be obtained in a manner similar to that described in Embodiment 2. 

[0233] Then, as in Embodiment 5, the photoresist resin film 66 is applied in a predetermined pattern on one surface 
30 of the pressure chamber substrate 70 that is away from the layered structure formed thereon as described above, in 
preparation for the formation of the pressure chamber cavity 71 (see FIG. 19B). Then, the pressure chamber cavity 
71 is formed in the pressure chamber substrate 70 by dry etching (see FIG. 19C). 

[0234] Then, as in Embodiment 5, the photoresist resin film 66 is removed (see FIG. 19D). Then, the photoresist 
resin film 67 is formed in an elliptical pattern on the second electrode layer 63 (at a position corresponding to the 
35 position of the pressure chamber cavity 71) (see FIG. 19E). 

[0235] Then, as in Embodiment 5, a layered structure of the orientation control layer 69, the piezoelectric layer 62 
and the second electrode layer 63 is obtained through a separation process into an elliptical pattern of the same shape 
as that of the photoresist resin film 67 by dry etching (see FIG. 19F). 

[0236] Then, as in Embodiments, the photoresist resin film 67 having an elliptical shape is removed, and a polyimide 
40 resin film is formed so as to surround the separated layered structure, after which the film is cured at 180°C, thus 
forming the electrically insulative organic film 64 made of a polyimide resin (see FIG. 19G). Then, the extraction elec- 
trode 75 is formed on the electrically insulative organic film 64 (see FIG. 19H), thus obtaining the actuator section B 
integrated with the pressure chamber substrate 70. 

[0237] Then , an ink channel member and a nozzle plate are bonded to the pressure chamber substrate 70 (pressure 

45 chamber member) as in Embodiment 5, thus obtaining the ink jet head 201 . 

[0238] Also in the present embodiment, as in Embodiment 4, the piezoelectric layer 62 has a uniform crystal orien- 
tation along the (001) plane, whereby a large piezoelectric displacement (amount of displacement) can be obtained 
with little deviation in the piezoelectric displacement characteristics among the plurality of ink discharging elements 202. 
[0239] Note that the first electrode layer 61 , the orientation control layer 69, the piezoelectric layer 62 and the second 

50 electrode layer 63 may be formed by using any of the materials set forth in Embodiment 2, and the vibration layer 65 
may be formed by using any of the materials set forth in Embodiments. Moreover, the thickness of each of these layers 
is not limited to any particular thickness as long as it is in the range set forth in Embodiments 2 and 3. 
[0240] The ink jet head 201 including 150 ink discharging elements 202 of the same shape was actually produced 
by the manufacturing method as described above so as to measure the deviation in the vibration amplitude of the 

55 vibration layer 65 in the thickness direction, as in Embodiments, indicating that the deviation was as small as a=2.3%. 
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EMBODIMENT 7 

[0241] FIG. 20 illustrates an ink jet recording apparatus 81 according to an embodiment of the present invention. 
The ink jet recording apparatus 81 includes the ink jet head 201 similar to that of any of Embodiments 3 to 6. In the 

5 ink jet head 201 , ink in the pressure chamber is discharged through the nozzle hole (the nozzle hole 38 described in 
Embodiment 3) provided so as to be communicated to the pressure chamber (the pressure chamber 32 described in 
Embodiment 3) so as to land on a recording medium 82 (e.g., recording paper), thus recording information thereon. 
[0242] The ink jet head 201 is mounted on a carriage 84, which is provided on a carriage shaft 83 extending in the 
primary scanning direction x ; and is reciprocated in the primary scanning direction x as the carriage 84 reciprocates 

10 along the carriage shaft 83. Thus, the carriage 83 forms relative movement means for relatively moving the ink jet head 
201 and the recording medium 82 with respect to each other in the primary scanning direction x. 
[0243] Moreover, the ink jet recording apparatus 81 includes a plurality of rollers 85 for moving the recording medium 
82 in the secondary scanning direction y, which is substantially perpendicular to the primary scanning direction x (width 
direction) of the ink jet head 201 . Thus, the plurality of rollers 85 together form relative movement means for relatively 

15 moving the ink jet head 201 and the recording medium 82 with respect to each other in the secondary scanning direction 
y. Note that in FIG. 20, arrow z represents the vertical direction. 

[0244] While the ink jet head 201 is moved by the carriage 84 from one side to the other in the primary scanning 
direction x, ink is discharged through the nozzle holes of the ink jet head 201 onto the recording medium 29. After one 
scan of recording operation, the recording medium 82 is moved by the rollers 85 by a predetermined amount, and then 
20 the next scan of recording operation is performed. 

[0245] Thus, by manufacturing the inkjet recording apparatus 81 by using the ink jet head 201 of any of Embodiments 
3 to 6, with which it is possible to easily control the deviation in the ink discharge among the plurality of ink discharging 
elements 202, it is possible to suppress the deviation in the recording operation onto the recording medium 82 such 
as paper, thus improving the reliability of the apparatus. 

25 

EMBODIMENT 8 

[0246] FIG. 21 and FIG. 22 illustrate an angularvelocity sensor according to an embodiment of the present invention. 
The angularvelocity sensor has a shape of a tuning fork, and can suitably be used in a vehicle-mounted navigation 
30 system, or the like. 

[0247] The angular velocity sensor includes a substrate 500 made of a silicon wafer having a thickness of 0.3 mm 
(the substrate 500 may alternatively be a glass substrate, a metal substrate or a ceramic substrate). The substrate 
500 includes a fixed portion 500a, and a pair of vibrating portions 500b extending from the fixed portion 500a in a 
predetermined direction (the direction of the rotation axis with respect to which the angularvelocity is to be detected; 
35 the y direction in FIG. 21 in the present embodiment). The fixed portion 500a and the pair of vibrating portions 500b 
together form a shape of a tuning fork as viewed in the thickness direction of the substrate 500 (the z direction in FIG. 
21), and the pair of vibrating portions 500b, corresponding to the arms of a tuning fork, extend in parallel to each other 
while being arranged next to each other in the width direction of the vibrating portions 500b. 

[0248] A first electrode layer 503, an orientation control layer 504, a piezoelectric layer 505 and a second electrode 
40 layer 506 are layered in this order on the vibrating portions 500b of the substrate 500 and a portion of the fixed portion 
500a close to the vibrating portions 500b. Note that also in the angular velocity sensor, it is preferred that an adhesive 
layer is provided between the substrate 500 and the first electrode layer 503, as in the piezoelectric element according 
to the variation of Embodiment 2. 

[0249] The materials and the thicknesses of the first electrode layer 503, the orientation control layer 504, the pie- 
45 zoelectric layer 505 and the second electrode layer 506 are similar to those of the first electrode layer 2, the orientation 
control layer 1 1 , the piezoelectric layer 3 and the second electrode layer 4, respectively, of Embodiment 2. Moreover, 
the structures of the orientation control layer 504 and the piezoelectric layer 505 are similar to those of the orientation 
control layer 1 1 and the piezoelectric layer 3, respectively. In the vicinity of one surface of the orientation control layer 
504 that is closer to the first electrode layer 503, a (1 00)- or (001 )-oriented region extends over a metal (e.g., cobalt) 
50 located on one surface of the first electrode layer 503 that is closer to the orientation control layer 504 so that the cross- 
sectional area of such a region in the direction perpendicular to the thickness direction gradually increases in the 
direction away from the first electrode layer 503 toward the piezoelectric layer 505. 

[0250] On each vibrating portion 500b, the second electrode layer 506 is patterned into three portions, i.e. , two driving 
electrodes 507 for vibrating the vibrating portion 500b in the width direction thereof (the x direction in FIG. 21), and a 
55 detection electrode 508 for detecting a displacement (deflection) of the vibrating portion 500b in the thickness direction 
thereof (the z direction). 

[0251] The two driving electrodes 507 extend along the lateral edges of the vibrating portion 500b that are opposing 
each other with respect to the width direction thereof (the x direction) and entirely across the vibrating portion 500b in 
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the longitudinal direction thereof (the y direction). One end of each driving electrode 507 that is closer to the fixed 
portion 500a forms a connection terminal 507a on the fixed portion 500a. Note that only one driving electrode 507 may 
alternatively be provided on one of the opposite edges of each vibrating portion 500b. 

[0252] On the other hand, the detection electrode 508 extends in the central portion of the vibrating portion 500b 
5 with respect to the width direction thereof and entirely across the vibrating portion 500b in the longitudinal direction 
thereof. As does the driving electrode 507, one end of the detection electrode 508 that is closer to the fixed portion 
500a forms a connection terminal 508a on the fixed portion 500a. Note that a plurality of detection electrodes 508 may 
alternatively be provided on each vibrating portion 500b. 

[0253] Note that the first electrode layer 503 forms a connection terminal 503a, extending away from the vibrating 

10 portion 500b, on the fixed portion 500a between the pair of vibrating portions 500b. 

[0254] Applied between the first electrode layer 503 and the two driving electrodes 507 on the vibrating portion 500b 
is a voltage having a frequency that is resonant with the proper oscillation of the vibrating portion 500b so that the 
vibrating portion 500b vibrates in the width direction thereof. Specifically, two voltages of opposite polarity are applied 
to the two driving electrodes 507 while the ground voltage is applied to the first electrode layer 503, whereby when 

15 one lateral edge of the vibrating portion 500b expands, the other lateral edge contracts, and thus the vibrating portion 
500b deforms toward the second lateral edge. On the other hand, when the first lateral edge of the vibrating portion 
500b contracts, the second lateral edge expands, and thus the vibrating portion 500b deforms toward the first lateral 
edge. By repeating this operation, the vibrating portion 500b vibrates in the width direction thereof. Note that by applying 
a voltage to only one of the two driving electrodes 507 on each vibrating portion 500b, the vibrating portion 500b can 

20 be vibrated in the width direction thereof. The pair of vibrating portions 500b are configured so that they deform in 
opposite directions with respect to the width direction thereof and in symmetry with each other with respect to the 
center line L, which extends in the longitudinal direction of the vibrating portion 500b between the pair of vibrating 
portions 500b. 

[0255] In the angular velocity sensor having such a configuration, if an angular velocity co about the center line L is 
25 applied while the pair of vibrating portions 500b are being vibrated in the width direction thereof (the x direction) sym- 
metrically with respect to the center line L, the two vibrating portions 500b are bent and deformed in the thickness 
direction (the z direction) by the Coriolis force (the pair of vibrating portions sorb are bent by the same amount but in 
opposite directions), thereby also bending the piezoelectric layer 505, and thus generating a voltage according to the 
magnitude of the Coriolis force between the first electrode layer 503 and the detection electrode 508. Then, the angular 
30 velocity co can be calculated based on the magnitude of the voltage (the Coriolis force) 
[0256] The Coriolis force Fc is expressed as follows: 

[0257] Fc=2mvco, where v denotes the velocity of each vibrating portion 500b in the width direction, and m denotes 
the mass of each vibrating portion 500b. 

[0258] Thus, the value of the angular velocity co can be obtained from the Coriolis force Fc. 
35 [0259] Next, a method for manufacturing the angular velocity sensor will be described with reference to FIG. 23A to 
FIG. 23F and FIG. 24. 

[0260] As illustrated in FIG. 23 A, the substrate 500 made of a 4-inch silicon wafer having a thickness of 0.3 mm is 
provided (see the plan view of FIG. 24). Then, as illustrated in FIG. 23B, the first electrode layer 503 is formed on the 
substrate 500 by a sputtering method under similar conditions to those of Embodiment 2. 

40 [0261] Then, as illustrated in FIG. 23C, the orientation control layer 504 is formed on the first electrode layer 503 by 
a sputtering method under similar conditions to those of Embodiment 2. As described in Embodiment 2 above, in the 
vicinity of one surface of the orientation control layer 504 that is closer to the first electrode layer 503, a (1 00)- or (001 )- 
oriented region extends over titanium so that the cross-sectional area of the region in the direction perpendicular to 
the thickness direction gradually increases in the upward direction away from the first electrode layer 503. 

45 [0262] Then, as illustrated in FIG. 23D, the piezoelectric layer 505 is formed on the orientation control layer 504 by 
a sputtering method undersimilarconditionstothoseof Embodiment 2. As described in Embodiment2, the piezoelectric 
layer 505 is rhombohedral, with the degree of (001) orientation thereof being 90% or more. 

[0263] Then, as illustrated in FIG. 23E, the second electrode layer 506 is formed on the piezoelectric layer 505 by 
a sputtering method under similar conditions to those of Embodiment 2. 

50 [0264] Next, as illustrated in FIG. 23F and FIG. 24 ; the second electrode layer 506 is patterned so as to form the 
driving electrodes 507 and the detection electrode 508. Specifically, a photosensitive resin is applied on the second 
electrode layer 506 and is exposed to light to form the pattern of the driving electrodes 507 and the detection electrode 
508, and the unexposed portions of the photosensitive resin are removed. The second electrode layer 506 is etched 
and removed in locations where the photosensitive resin has been removed. Then, the photosensitive resin on the 

55 driving electrodes 507 and the detection electrode 508 is removed. 

[0265] After patterning the second electrode layer 506, the piezoelectric layer 505, the orientation control layer 504 
and the first electrode layer 503 are patterned in similar steps, and the substrate 500 is patterned, thereby forming the 
fixed portion 500a and the vibrating portions 500b. Thus, the angular velocity sensor is obtained. 
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[0266] Note that the deposition method for the various layers is not limited to a sputtering method, but may alterna- 
tively be any other suitable deposition method as long as a crystalline thin film is directly formed without the crystalli- 
zation step using a heat treatment (e.g., a CVD method). 

[0267] Now, a conventional angular velocity sensor will be described with reference to FIG. 25 and FIG. 26. 

5 [0268] The conventional angular velocity sensor includes a piezoelectric member 600 made of quartz having a thick- 
ness of 0.3 mm. As does the substrate 500 of the angular velocity sensor of the present embodiment, the piezoelectric 
member 600 includes a fixed portion 600a, and a pair of vibrating portions 600b extending from the fixed portion 600a 
in one direction (they direction in FIG. 25) in parallel to each other. The driving electrodes 603 for vibrating the vibrating 
portion 600b in the width direction thereof (the x direction in FIG. 25) are provided respectively on two surfaces of the 

10 vibrating portion 600b opposing each other in the thickness direction thereof (the z direction in FIG. 25), and detection 
electrodes 607 for detecting the displacement of the vibrating portion 600b in the thickness direction are provided 
respectively on two side surfaces of the vibrating portion 600b. 

[0269] In the conventional angular velocity sensor, a voltage having a frequency that is resonant with the proper 
oscillation of the vibrating portion 600b is applied between the two driving electrodes 603 of each vibrating portion 

15 600b so as to vibrate the pair of vibrating portions 600b in the width direction thereof (the x direction) symmetrically 
with respect to the center line L between the pair of vibrating portions 600b, as in the angular velocity sensor of the 
present embodiment. If an angular velocity co about the center line L is applied in this state, the pair of vibrating portions 
600b are bent and deformed in the thickness direction (the z direction) by the Coriolis force, thereby generating a 
voltage according to the magnitude of the Coriolis force between the two the detection electrodes 607 of each vibrating 

20 portion 600b. Then, the angular velocity co can be calculated based on the magnitude of the voltage (the Coriolis force). 
[0270] Since the conventional angular velocity sensor uses the piezoelectric member 600 made of quartz, the pie- 
zoelectric constant is as low as -3 pC/N. Moreover, since the fixed portion 600b and the vibrating portion 600b are 
machined, it is difficult to reduce the size thereof, and the dimensional precision thereof is low. 

[0271] In contrast, in the angular velocity sensor of the present embodiment, the portion for detecting the angular 
25 velocity (the vibrating portion 500b) is the piezoelectric element having a similar structure to that of Embodiment 2. 
Therefore, the piezoelectric constant can be increased to be about 40 times as large as that of the conventional angular 
velocity sensor, and thus the size thereof can be reduced significantly. Moreover, minute processing with thin film 
formation techniques can be used, thereby significantly improving the dimensional precision. Furthermore, even if the 
angular velocity sensors are mass-produced industrially, it is possible to obtain angular velocity sensors with a high 
30 characteristics reproducibility and a small characteristics deviation, and with a high breakdown voltage and a high 
reliability. 

[0272] Note that also in the angular velocity sensor of the present embodiment, the first electrode layer 503, the 
orientation control layer 504, the piezoelectric layer 505 and the second electrode layer 506 may be formed by using 
any of the materials set forth in Embodiment 2. Moreover, even when the orientation control layer 504 is absent as in 

35 Embodiment 1 , a high-performance angular velocity sensor can be obtained. 

[0273] Furthermore, while only one pair of vibrating portions 500b is provided in the substrate 500 in the angular 
velocity sensor of the present embodiment, a plurality of pairs of vibrating portions may alternatively be provided so 
as to detect angular velocities with respect to a plurality of axes extending in different directions. 
[0274] Furthermore, while the first electrode layer 503, the orientation control layer 504, the piezoelectric layer 505 

40 and the second electrode layer 506 are layered in this order on the vibrating portions 500b of the substrate 500 and 
a portion of the fixed portion 500a close to the vibrating portions 500b in the angular velocity sensor of the present 
embodiment, these layers may alternatively be layered only on the vibrating portions 500b. 

[0275] In addition, while the piezoelectric element of the present invention is applied to an ink jet head (an ink jet 
recording apparatus) and an angular velocity sensor in the embodiments described above, the piezoelectric element 

45 of the present invention may be used in various other applications including, but not limited to, thin film condensers, 
charge storage capacitors of non-volatile memory devices, various kinds of actuators, infrared sensors, ultrasonic 
sensors, pressure sensors, acceleration sensors, flowmeters, shocksensors, piezoelectric transformers, piezoelectric 
igniters, piezoelectric speakers, piezoelectric microphones, piezoelectric filters, piezoelectric pickups, tuning-fork os- 
cillators, and delay lines. Particularly, the piezoelectric element of the present invention may suitably be used in a thin 

50 film piezoelectric actuatorfor a disk apparatus provided in a head supporting mechanism, in which a head for recording 
or reproducing information to/from a disk being spun in a disk apparatus (a disk apparatus used as a storage device 
of a computer, etc.) is provided on a substrate, wherein the substrate is deformed and the head is displaced by a thin 
film piezoelectric element provided on the substrate (see, for example, Japanese Laid-Open Patent Publication No. 
2001 -332041 ). The thin film piezoelectric element has a similar structure to that described in the embodiments above, 

55 in which the first electrode layer, the orientation control layer, the piezoelectric layer and the second electrode layer 
are layered in this order, with the second electrode layer being bonded to the substrate. 
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Claims 



10 



. A piezoelectric element, comprising: a first electrode layer; a piezoelectric layer provided on the first electrode 
layer; and a second electrode layer provided on the piezoelectric layer, wherein: 

the first electrode layer is made of an alloy of at least one metal selected from the group consisting of cobalt, 
nickel, iron, manganese and copper and a noble metal; and 

the piezoelectric layer is made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented 
along a (001) plane. 

2. The piezoelectric element of claim 1 , wherein an orientation control layer made of a cubic or tetragonal perovskite 
oxide that is preferentially oriented along a (1 00) or (001 ) plane is provided between the first electrode layer and 
the piezoelectric layer. 

15 3. The piezoelectric element of claim 2, wherein the orientation control layer is made of lead lanthanum titanate or a 
material obtained by adding at least one of magnesium and manganese to lead lanthanum titanate. 

4. The piezoelectric element of claim 2, wherein the orientation control layer is made of a strontium-containing per- 
ovskite oxide. 

20 

5. The piezoelectric element of claim 4, wherein the orientation control layer contains strontium titanate. 

6. The piezoelectric element of claim 1 , wherein the noble metal of the first electrode layer is at least one noble metal 
selected from the group consisting of platinum, iridium, palladium and ruthenium. 



25 



The piezoelectric element of claim 1 , wherein a content of at least one metal selected from the group consisting 
of cobalt, nickel, iron, manganese and copper in the first electrode layer is greater than zero and less than or equal 
to 26 mol%. 



30 8. The piezoelectric element of claim 1 , wherein: 



the first electrode layer is provided on a substrate; and 

an adhesive layer for improving adhesion between the substrate and the first electrode layer is provided be- 
tween the substrate and the first electrode layer. 

35 

9. The piezoelectric element of claim 8, wherein the adhesive layer is made of at least one material selected from 
the group consisting of titanium, tantalum and molybdenum. 



10. An ink jet head, comprising: a piezoelectric element in which a first electrode layer, a piezoelectric layer and a 
40 second electrode layer are layered in this order; a vibration layer provided on one surface of the piezoelectric 

element that is closer to the second electrode layer; and a pressure chamber member bonded to one surface of 
the vibration layer that is away from the piezoelectric element and including a pressure chamber for storing ink 
therein, in which the vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric 
layer of the piezoelectric element so as to discharge the ink out of the pressure chamber, wherein: 



45 



50 



the first electrode layer of the piezoelectric element is made of an alloy of at least one metal selected from the 
group consisting of cobalt, nickel, iron, manganese and copper and a noble metal; and 
the piezoelectric layer is made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented 
along a (001) plane. 

11. The ink jet head of claim 10, wherein an orientation control layer made of a cubic or tetragonal perovskite oxide 
that is preferentially oriented along a (100) or (001) plane is provided between the first electrode layer and the 
piezoelectric layer of the piezoelectric element. 



55 12. An ink jet head, comprising: a piezoelectric element in which a first electrode layer, a piezoelectric layer and a 
second electrode layer are layered in this order; a vibration layer provided on one surface of the piezoelectric 
element that is closer to the first electrode layer; and a pressure chamber member bonded to one surface of the 
vibration layer that is away from the piezoelectric element and including a pressure chamber for storing inktherein, 
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in which the vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric layer 
of the piezoelectric element so as to discharge the ink out of the pressure chamber, wherein: 

the first electrode layer of the piezoelectric element is made of an alloy of at least one metal selected from the 
5 group consisting of cobalt, nickel, iron, manganese and copper and a noble metal; and 

the piezoelectric layer is made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented 
along a (001) plane. 

13. The ink jet head of claim 12, wherein an orientation control layer made of a cubic or tetragonal perovskite oxide 
10 that is preferentially oriented along a (100) or (001) plane is provided between the first electrode layer and the 

piezoelectric layer of the piezoelectric element. 

14. An angular velocity sensor, comprising a substrate including a fixed portion and at least a pair of vibrating portions 
extending from the fixed portion in a predetermined direction, in which a first electrode layer, a piezoelectric layer 

15 and a second electrode layer are layered in this order at least on each of the vibrating portions of the substrate, 

and the second electrode layer on each of the vibrating portions is patterned into at least one driving electrode for 
vibrating the vibrating portion in a width direction thereof and at least one detection electrode for detecting a dis- 
placement of the vibrating portion in a thickness direction thereof, wherein: 

20 the first electrode layer is made of an alloy of at least one metal selected from the group consisting of cobalt, 

nickel, iron, manganese and copper and a noble metal; and 

the piezoelectric layer is made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented 
along a (001) plane. 

25 1 5. The angularvelocity sensor of claim 1 4, wherein an orientation control layer made of a cubic or tetragonal perovskite 
oxide that is preferentially oriented along a (1 00) or (001 ) plane is provided between the first electrode layer and 
the piezoelectric layer. 

16. A method for manufacturing a piezoelectric element, comprising the steps of: 

30 

forming a first electrode layer made of an alloy of at least one metal selected from the group consisting of 
cobalt, nickel, iron, manganese and copper and a noble metal on a substrate by a sputtering method; 
forming a piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide that is preferentially ori- 
ented along a (001) plane on the first electrode layer by a sputtering method; and 
35 forming a second electrode layer on the piezoelectric layer. 

17. A method for manufacturing a piezoelectric element, comprising the steps of: 

forming a first electrode layer made of an alloy of at least one metal selected from the group consisting of 
40 cobalt, nickel, iron, manganese and copper and a noble metal on a substrate by a sputtering method; 

forming an orientation control layer made of a cubic or tetragonal perovskite oxide that is preferentially oriented 
along a (1 00) or (001 ) plane on the first electrode layer by a sputtering method; 

forming a piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide that is preferentially ori- 
ented along a (001) plane on the orientation control layer by a sputtering method; and 
45 forming a second electrode layer on the piezoelectric layer. 

18. A method for manufacturing an ink jet head, the ink jet head including a piezoelectric element in which a first 
electrode layer, a piezoelectric layer and a second electrode layer are layered in this order, in which a vibration 
layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric layer of the piezoelectric 

50 element so as to discharge ink out of a pressure chamber, the method comprising the steps of: 

forming the first electrode layer made of an alloy of at least one metal selected from the group consisting of 
cobalt, nickel, iron, manganese and copper and a noble metal on a substrate by a sputtering method; 
forming the piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide that is preferentially 
55 oriented along a (001) plane on the first electrode layer by a sputtering method; 

forming the second electrode layer on the piezoelectric layer: 
forming the vibration layer on the second electrode layer; 

bonding a pressure chamber member for forming the pressure chamber on one surface of the vibration layer 
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that is away from the second electrode layer; and 
removing the substrate after the bonding step. 

19. A method for manufacturing an ink jet head, the ink jet head including a piezoelectric element in which a first 
5 electrode layer, an orientation control layer, a piezoelectric layer and a second electrode layer are layered in this 

order, in which a vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric 
layer of the piezoelectric element so as to discharge ink out of a pressure chamber, the method comprising the 
steps of: 

10 forming the first electrode layer made of an alloy of at least one metal selected from the group consisting of 

cobalt, nickel, iron, manganese and copper and a noble metal on a substrate by a sputtering method; 
forming the orientation control layer made of a cubic ortetragonal perovskite oxide that is preferentially oriented 
along a (1 00) or (001 ) plane on the first electrode layer by a sputtering method; 

forming the piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide that is preferentially 
15 oriented along a (001) plane on the orientation control layer by a sputtering method; 

forming the second electrode layer on the piezoelectric layer; 
forming the vibration layer on the second electrode layer; 

bonding a pressure chamber member for forming the pressure chamber on one surface of the vibration layer 
that is away from the second electrode layer; and 
20 removing the substrate after the bonding step. 

20. A method for manufacturing an ink jet head, the ink jet head including a piezoelectric element in which a first 
electrode layer, a piezoelectric layer and a second electrode layer are layered in this order, in which a vibration 
layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric layer of the piezoelectric 

25 element so as to discharge ink out of a pressure chamber, the method comprising the steps of: 

forming the vibration layer on a pressure chamber substrate for forming the pressure chamber; 
forming the first electrode layer made of an alloy of at least one metal selected from the group consisting of 
cobalt, nickel, iron, manganese and copper and a noble metal on the vibration layer by a sputtering method: 
30 forming the piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide that is preferentially 

oriented along a (001) plane on the first electrode layer by a sputtering method; 
forming the second electrode layer on the piezoelectric layer: and 
forming the pressure chamber in the pressure chamber substrate. 

35 21. A method for manufacturing an ink jet head, the ink jet head including a piezoelectric element in which a first 
electrode layer, an orientation control layer, a piezoelectric layer and a second electrode layer are layered in this 
order, in which a vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric 
layer of the piezoelectric element so as to discharge ink out of a pressure chamber, the method comprising the 
steps of: 

40 

forming the vibration layer on a pressure chamber substrate for forming the pressure chamber; 
forming the first electrode layer made of an alloy of at least one metal selected from the group consisting of 
cobalt, nickel, iron, manganese and copper and a noble metal on the vibration layer by a sputtering method: 
forming the orientation control layer made of a cubic ortetragonal perovskite oxide that is preferentially oriented 
45 along a (1 00) or (001 ) plane on the first electrode layer by a sputtering method; 

forming the piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide that is preferentially 
oriented along a (001) plane on the orientation control layer by a sputtering method; 
forming the second electrode layer on the piezoelectric layer: and 
forming the pressure chamber in the pressure chamber substrate. 

50 

22. A method for manufacturing an angular velocity sensor, the angular velocity sensor including a substrate including 
a fixed portion and at least a pair of vibrating portions extending from the fixed portion in a predetermined direction, 
in which a first electrode layer, a piezoelectric layer and a second electrode layer are layered in this order at least 
on each of the vibrating portions of the substrate, and the second electrode layer on each of the vibrating portions 
55 is patterned into at least one driving electrode for vibrating the vibrating portion in a width direction thereof and at 

least one detection electrode for detecting a displacement of the vibrating portion in a thickness direction thereof, 
the method comprising the steps of: 
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forming the first electrode layer made of an alloy of at least one metal selected from the group consisting of 
cobalt, nickel, iron, manganese and copper and a noble metal on the substrate by a sputtering method; 
forming the piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide that is preferentially 
oriented along a (001) plane on the first electrode layer by a sputtering method; 
5 forming the second electrode layer on the piezoelectric layer; 

patterning the second electrode layer so as to form the driving electrode and the detection electrode; 

patterning the piezoelectric layer and the first electrode layer; and 

patterning the substrate so as to form the fixed portion and the vibrating portions. 

10 23. A method for manufacturing an angular velocity sensor, the angular velocity sensor including a substrate including 
a fixed portion and at least a pair of vibrating portions extending from the fixed portion in a predetermined direction, 
in which a first electrode layer, an orientation control layer, a piezoelectric layer and a second electrode layer are 
layered in this order at least on each of the vibrating portions of the substrate, and the second electrode layer on 
each of the vibrating portions is patterned into at least one driving electrode for vibrating the vibrating portion in a 

15 width direction thereof and at least one detection electrode for detecting a displacement of the vibrating portion in 

a thickness direction thereof, the method comprising the steps of: 

forming the first electrode layer made of an alloy of at least one metal selected from the group consisting of 
cobalt, nickel, iron, manganese and copper and a noble metal on the substrate by a sputtering method; 
20 forming the orientation control layer made of a cubic ortetragonal perovskite oxide that is preferentially oriented 

along a (1 00) or (001 ) plane on the first electrode layer by a sputtering method; 

forming the piezoelectric layer made of a rhombohedral or tetragonal perovskite oxide that is preferentially 
oriented along a (001) plane on the orientation control layer by a sputtering method; 
forming the second electrode layer on the piezoelectric layer: 
25 patterning the second electrode layer so as to form the driving electrode and the detection electrode; 

patterning the piezoelectric layer, the orientation control layer and the first electrode layer; and 
patterning the substrate so as to form the fixed portion and the vibrating portions. 

24. An ink jet recording apparatus, comprising an ink jet head, the ink jet head including: a piezoelectric element in 
30 which a first electrode layer, a piezoelectric layer and a second electrode layer are layered in this order; a vibration 

layer provided on one surface of the piezoelectric element that is closer to the second electrode layer; and a 
pressure chamber member bonded to one surface of the vibration layer that is away from the piezoelectric element 
and including a pressure chamber for storing ink therein, the ink jet head being capable of being relatively moved 
with respectto a recording medium, in which while the inkjet head is moved with respect to the recording medium, 
35 the vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric layer of the 

piezoelectric element in the ink jet head so as to discharge the ink out of the pressure chamber through a nozzle 
hole communicated to the pressure chamber onto the recording medium, thereby recording information, wherein: 

the first electrode layer of the piezoelectric element in the inkjet head is made of an alloy of at least one metal 
40 selected from the group consisting of cobalt, nickel, iron, manganese and copper and a noble metal; and 

the piezoelectric layer is made of a rhombohedral ortetragonal perovskite oxide that is preferentially oriented 
along a (001) plane. 

25. The inkjet recording apparatus of claim 24, wherein an orientation control layer made of a cubic or tetragonal 
45 perovskite oxide that is preferentially oriented along a (1 00) or (001 ) plane is provided between the first electrode 

layer and the piezoelectric layer of the piezoelectric element of the inkjet head. 

26. An inkjet recording apparatus, comprising an inkjet head, the inkjet head including: a piezoelectric element in 
which a first electrode layer, a piezoelectric layer and a second electrode layer are layered in this order; a vibration 

50 layer provided on one surface of the piezoelectric element that is closer to the first electrode layer; and a pressure 

chamber member bonded to one surface of the vibration layer that is away from the piezoelectric element and 
including a pressure chamber for storing ink therein, the ink jet head being capable of being relatively moved with 
respectto a recording medium, in which while the inkjet head is moved with respectto the recording medium, the 
vibration layer is displaced in a thickness direction by a piezoelectric effect of the piezoelectric layer of the piezo- 

55 electric element in the inkjet head so as to discharge the ink out of the pressure chamber through a nozzle hole 

communicated to the pressure chamber onto the recording medium, thereby recording information, wherein: 

the first electrode layer of the piezoelectric element in the inkjet head is made of an alloy of at least one metal 
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selected from the group consisting of cobalt nickel, iron, manganese and copper and a noble metal; and 
the piezoelectric layer is made of a rhombohedral or tetragonal perovskite oxide that is preferentially oriented 
along a (001) plane. 

27. The ink jet recording apparatus of claim 26, wherein an orientation control layer made of a cubic or tetragonal 
perovskite oxide that is preferentially oriented along a (100) or (001) plane is provided between the first electrode 
layer and the piezoelectric layer of the piezoelectric element of the ink jet head. 
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FIG. 1 
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FIG. 2A 
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FIG. 7 
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FIG. 11 
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FIG. 12 
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FIG. 13A 
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FIG. 14 
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FIG. 16 




58 



EP 1 376 711 A2 
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